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INTRODUCTION 
The food industry has recently begun to consider the dis­
tilled acetylated monoglycerides, which contain long- and 
short-chain fatty acids in the same molecule, for use as food 
additives and edible coverings. On this account, and as 
there Pre no data in the literature pertaining to the nrotein 
and energy metabolism of short-chain fatty acids per se. an 
appropriate study was initiated to determine the possible 
effects of several typical short-chain fatty acids as dietary 
fat sources on the protein and energy metabolism of animals 
so as to further elucidate their role in nutrition. 
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REVIEW OF LITERATURE 
During the past 30 years, the interest and research con­
cerning the Importance of fat metabolism end nutrition in gen­
eral is evidenced by an extensive number of reports in the 
literature. However, researches dealing with the specific 
relationship between various dietary fat sources and the 
efficiency of protein and energy utilization therefrom are 
relatively few in number, with no studies being reported with 
respect to the short-chain fatty acids. Therefore, the lit­
erature review presented, of necessity, does not bear directly 
on protein nor energy metabolism studies, but presents a 
cross-section of related literature on general metabolism and 
nutrition studies involving short-chain fatty acids. 
Cox (9), in comparing the nutritive value of pure C^ 
to Cl8 fatty acid ethyl esters with triglycerides fractionated 
from coconut oil, found that the mixed ethyl esters permitted 
almost as good a growth rate in rats as did the mixed tri­
glycerides. The individual ethyl esters, when fed as 55 per 
cent of the diet, gave growth rates considerably less than 
those obtained with the mixed triglycerides. The rats refused 
ethyl butyrate- and caproate-containlng diets. 
Bhalerao and Basu (3) obtained a soluble and insoluble 
fraction from butterf at by treatment with acetone at 0° C. 
The soluble fraction, which contained more butyric, caprolc, 
caprylic and capric acids than the insoluble fraction, gave 
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significantly more growth response than the insoluble fraction 
when they were fed to rats. 
Ozaki (46) studied the effects of various fats, fatty 
acid ethyl esters, and other related compounds on the growth 
rate of rats. The rats were kex>t on a restricted feed Intake 
of the experimental diets until constant body weights were 
attained, and then were allowed to eat the same diets ad 
libitum for a 40-day test period. The gains in body weight 
above the constant body weights constituted the nutritive 
value, in grams, of the particular fat source. For example, 
butyrin, heptylin, and caprylin, when fed as 5 per cent of 
the diet, had nutritive values of 32.5, 37.0, and 43.0, 
respectively. Ozaki concluded there was no definite rela­
tionship between the acid chain length and its relative nutri­
tive value. The exceptions were that odd-numbered acids gave 
lower nutritive values than natural fats, and the ethyl esters 
were generally better utilized than their corresponding tri­
glycerides or sodium salts. 
Kaunitz et al. (37) compared the effects of diets con­
taining triglycerides of G g to fatty acids with diets 
containing lard at levels of 8, 20, 30 and 33 per cent, re­
spectively, on rats with respect to growth, appetite, thirst, 
and weight requirements. In each case, when the rats were 
fed ad libitum, final body weights were significantly higher, 
water consumption significantly lower and caloric intake 
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lower (not significant) on the lard-containing diets than on 
the triglyceride diets. When the rats were maintained at con­
stant weight on diets containing either 20 per cent lard or 
triglyceride, the caloric requirements for weight maintenance 
of the rats receiving the triglyceride diets were significant­
ly higher. 
Rindi and Perri (52) fed a synthetic triglyceride con­
taining caprylic, capric and lauric acids to humans with no 
apparent disturbance. They obtained a digestibility coeffi­
cient of 96.7 per cent which compared closely with that of 
common food fats. 
Carroll (8) measured the digestibility of even-chain 
fatty acids from C4 to Cgg in the rat. He obtained 100 per 
cent digestibility coefficients for the acids up to C^q and 
decreasing digestibility coefficients from C-^q to C^g. 
Eckstein (18, 19) studied the effects of various dietary 
fat sources on the body fat composition of rats. After feed­
ing sodium butyrate or tricsproin, he was unable to detect 
either acid in the depot fats. 
Similarily, Powell (49) was able to find only trace 
amounts of caprylic acid in rat body fats after feeding tri-
caprylin. Both she and Eckstein noted a decided lowering of 
the body fat iodine number, but little change in the saponi­
fication number, as a result of feeding the fatty acids. 
When Powell (50) fed only tricaprin to rats as the fat 
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source, she found that capric acid comprised some 15 per cent 
of the depot fat fatty acid fraction. Both Powell end Eck­
stein concluded that low molecular weight fatty acids were 
not incorporated directly into the depot fat, but might have 
been utilized as precursors for longer chain endogenous fatty 
acids. Powell further concluded that fatty acids (C-^q and 
above) may be deposited in considerable amounts in the depot 
fat unchanged. 
Rittenberg et al. (55) in a study of butyric and caprolc 
acid metabolism in mice, with deuterium as an Indicator, were 
unable to detect any significant amounts of deuterium, in 
either case, in the body fats. They concluded that butyric 
and caprolc acids were utilized immediately by the animal and 
were not incorporated in any way in the depot fats. 
Longenecker (40) fed fasted rats for a two-week period 
on a diet in which coconut oil was the dietary fat. The oil 
contained 8.4 and 5.4 per cent capric and caprylic acids, 
respectively. Neither acid was detected in the depot fats. 
He concluded that during periods of inanition preferential 
utilization of the acids may have occurred. 
Hock (-35) fed two groups of rabbits for a 10-month period 
on diets containing only saturated fatty acids. One diet con­
tained only undecyllc acid and the other only decylic acid. 
There was no significant difference in the saturated fatty 
acid content of the depot fats of the two groups. The fatty 
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acids found were chiefly C-^ to C^g acids of which palmitic 
was the most predominant. He concluded that since deposition 
of fatty acids under C^4 did not occur, the formation of the 
depot fat was specifically affected by the metabolism of the 
rabbit. 
Weitzel et al. (69) fed caprin and caprylin as 10 uer 
cent of a diet to rats for 21-day periods. Upon analysis of 
the fat extracted from the body skins, they were able to show 
that capric and caprylic acid comprised approximately 7 per 
cent of the total fatty acid fraction. Similarly, Herting et 
al. (33), Mclnnes et al. (41), Hansen and Mclnnes (30), and 
Hawke (31, 32) have demonstrated the presence of various 
short-chain fatty acids in various animal tissues. 
Deuel et al. (16, 17) studied the rate of absorption of 
various synthetic triglycerides and fatty acids by the rat. 
The compounds were administered by stomach tube, and after a 
short interval of time, the animals were sacrificed and the 
intestinal contents analyzed for fat content. The decreasing 
rate of absorption of the even-chain triglycerides was trl-
acetin, tributyrin, tricsproin, and tricaprylin, respectively. 
Triisovalerin was abosrbed at a. rate comparable to the even-
chain fats, but tripropionin, trivalerin, and trlheptylin 
were absorbed at a 50 per cent or less rate than the corre­
sponding even-chain triglycerides. Butyric, caprolc, and 
caprylic acids were absorbed more rapidly than were capric, 
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undecylic, and tridecylic acids. The absorption of sodium 
acetate was low, but greater than that of sodium propionate. 
Hughes and Wimmer (36) found no increase in the amount 
of short-chain acids as glycerides in the thoracic lymph after 
feeding fats containing fatty acids, such as butyric, to dogs. 
Fernandes et al. (2l) found that caprolc, caprylic and 
decylic acids were not absorbed to the same extent and were 
present in traces, or not at all, in the chyle of a child with 
chylothorax. 
Snyderman et al. (60) fed tributyrin and triacetin to 
premature infants and concluded that they were absorbed more 
readily than a comparable amount of butter fat, based on com­
parable weight gains of the infants over 4-day experimental 
periods. 
Kraut et a_l- (39) reported that synthetic fats, which 
contained Cg to C^g acids, were absorbed by dogs and rats to 
the same extent as soybean oil. They synthetic fats gave 
R. Q. values which corresponded to that associated with a 
high-fat rat diet. 
Hagen and Robinson (28) introduced various sodium salts 
of short-chain fatty acids into segments of the small intes­
tine, caecum, and colon of guinea pigs. The absorption of 
the salts occurred in all cases, but was most rapidly absorbed 
from the caecum. Following this experiment, they (29) meas­
ured the oxygen consumption and ketone body production by 
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incubated guinea pig caecal tissues in the presence of sodium 
acetate, propionate, butyrate, valerate, caproate and hen-
tonste, respectively. Some ketones were produced in the 
absence of the salts, but were considerably increased in the 
presence of butyrate or caproate. The oxygen consumption was 
also increased in the presence of buyr^te and caproate. Pro­
pionate was found to be antiketogenic. 
Keil (38) studied the urinary excretion products of dogs 
after they had been fed various odd-numbered fatty acids. He 
found that 5-ethyl nonoic acid was changed to 3-ethyl heptylic 
acid, 5-propyl caprylic acid to 3-propyl caproic ?cid, 6-
propyl nonoic acid to 4-propyl heptylic acid, and 7-propyl 
capric acid to 3-propyl caproic acid by beta-oxidation of the 
acids. ?-Propyl valeric, 3-propyl caproic, and 3-ethyl hep­
tylic acids passed through the animals unchanged. 
Verkade ejt al. (66, 67) fed triglycerides containing Cy 
to acids to a dog. They found that appreciable amounts 
of dicarboxylic acids appeared in the urine when caprylin was 
fed. Similarly, when nonanin was included in a diet poor in 
carbohydrate and fed to a man, azelaic acid was recovered from 
the urine. 
Flashentrager and Bernhard (2 2 )  fed a mixture of coconut 
oil and butter fat to dogs and recovered small amounts of 
sebacic and suberic acids from the urines. VJhen the salts, 
methyl or ethyl esters of acids from Cg to C^g were fed to 
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dogs, only caprylic, nonoic and capric acids gave sebacic end 
suberic acids in the urines. When sebacic acid wes injected 
in small amounts intravenously Into a dog, it was lergely re­
covered from the urine unchanged. 
Siegel ( 58) studied the metabolism of 4-C-^, 1-C-^-val-
eric acid in rets. His results indicated that end 
carbon atoms of the acid followed different metabolic path­
ways as a result of the beta-oxidation of the acid. 
Perry and Bowen (47) injected Intraperitoneally l-C"^-
caprylic acid into normal and adrenalectomized rats and then 
measured their carbon dioxide production. They also measured 
the carbon dioxide and acetoacetate production by normal and 
adren alec tomi zed rat liver slices in the presence of l-C^-
caprylic acid. In either case, no differences were found be­
tween the normal and adrenalectomized rats. 
Ringer (53) and Ringer and Jonas (54) studied the urinary 
excretion products of phlorhizinized female dogs after they 
had been injected intravenously with various short-chain fatty 
acids. Valeric, heptylic and isocaproio acids gave signifi­
cant increases in the urinary glucose levels, while butyric, 
caproic and isovaleric acids increased significantly the 
levels of acetoacetic acid, beta-hydroxybutyric acid, and 
other ketones in the urine. They concluded that even-numbered 
short-chain fatty acids were ketogenic and odd-numbered short-
chain fatty acids were glucogenic. 
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Deuel end co-workers (7, 11, 12, 13, 14) conducted a 
series of studies with short-chain fatty acids on ketosis in 
the rat. When sodium acetoacetate, butyrate, caproate, cap-
rylate, or oleic acid were fed, no significant rise in liver 
glycogen levels was noted, however, sodium propionate, valer­
ate, heptylate, and nonate gave the opposite effect. Trigly­
cerides containing even-numbered fatty acids (Cr> to G^^) in­
creased significantly the liver glycogen, but this was attrib­
uted to the glycerol portion of the molecule. Triglycerides 
with odd-numbered fatty acids (C3 to Cr,) induced a significant 
rise in liver glycogen. The ethyl esters of odd-numbered (C3 
to C-^j) and even-numbered (C^ to C^g) fatty acids had the same 
effect as the corresponding sodium salts on liver glycogen 
levels. The excretion of ketones after feeding ethyl caproate 
or butyrate was approximately quantitative. The ethyl esters 
of even-numbered fatty acids (Cg and above) Increased the ace-
tonuria, which indicated more than one acetoacetate residue 
derived from the higher molecular weight fatty acids. The 
odd-numbered fatty acid ethyl esters did not increase levels 
of urinary ketones. Ethyl acetoacetate, butyrate, or caproate 
produced lower amounts of urinary ketones than did their cor­
responding sodium salts. Ethyl caprylate, caprate, 1aurate, 
or myristate more than doubled the ketonuria which again indi­
cated that more than one acetoacetate residue was derived 
from the higher molecular weight fatty acids. Morehouse and 
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Deuel (45) found that after sodium 2,3-dldeuterocaproate was 
administered to cats, 6.43 per cent of the beta-hydroxybutyric 
acid excreted contained deuterium. When sodium 3,4-dideutero-
caprogte was given, 10.99 per cent of the beta-hydroxybutyric 
acid excreted contained deuterium. The results Indicated 
that delta-oxidation may have played an important part in the 
oxidation of caproic acid. 
Eckstein (20) showed that the liver glycogen content of 
rats was not increased when butyric, valeric, or caproic acids 
were administered, but was increased when propionic acid was 
given. 
Brentano and Markees (4) showed with dogs and rabbits, 
whose abilities to metabolize ketones had been inhibited, 
that immediately after feeding even-numbered fatty acids 
(Cg to C^g) a considerable rise in blood ketones occurred. 
When heptylic or nonoic acids were given, no rise in blood 
ketones was noted. 
MacKay .et al - (42, 43) observed an increase in blood 
ketone levels of carbohydrate-fed rats when they were given 
the ethyl esters of even-chain fatty acids (C4 to C^Q), but 
observed no Increase when C-^g to C1Q fatty acid esters were 
given. They suggested the short-chain acids were ketogenic 
in the presence of oxidizable carbohydrate because they must 
be oxidized immediately. When the ethyl or glycerol esters 
of propionic, valeric, heptylic, nonoic, and undecanoic acids 
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were fed to rabbits, who had been maintained on an adequate 
diet and were assumed to have sufficient amounts of liver 
glycogen and no ketosis, all the acids, except propionic, 
significantly increased the blood ketone levels. 
Wick (70), in a study of the ketogenic action of 
branched-chain fatty acids, noted when 3-methyl butyric, 3-
methyl valeric, 4-methyl valeric, or 2-methyl caprolc acids 
were injected intravenously into rabbits, significant rises 
in blood ketone levels occurred. However, isobutyric, 2-
methyl butyric, 2-ethyl butyric, 2-methyl valeric, 2-ethyl 
valeric, and 2-ethyl caproic acids were without effect. She 
concluded that the ketones were formed directly by beta-
oxidation of the acids. 
Plaut and Smith (48) observed an increase in the blood 
acetoacetate level 15 minutes after the administration of 
14 1—C -caproic acid to a normal mature female goat. As deter­
mined from the approximate parallel rises in concentration 
and radioactivity of the acetoacetate, it appeared that the 
caproate was being converted to acetoacetate. The specific 
radioactivity, per mol, of the carboxyl group of the aceto­
acetate was greater than that of the acetone portion, which 
indicated that two-carbon compounds derived from fatty acids 
do not condense in a random fashion to form acetoacetate. 
Zabin and Bloch (72, 73) measured the production of 
ketones by incubated rat liver slices in the presence of 
TA 1 % 
1-C -isovaleric and 4,4' -C. -isovaleric acid mixtures. 
Their results indicated that isovaleric acid was oxidized, 
first, at the beta-carbon atom to yield 2- and 3-carbon 
intermediates, which were then further metabolized to yield 
acetoacetate. The carboxyl portion of isovaleric acid was 
more rapidly oxidized to carbon dioxide, and less readily 
converted to ketones, than was the isopropyl portion. In 
feeding trials, 2 to 8 days duration, rats were fed diets 
containing 4, 41 -C^-isovaleric acid, 1-C"*"^-isovaleric acid, 
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2-C -acetic acid, or 1, 3-C ' -acetone with either phenyl-L-
aminobutyric acid, or p-aminobenzoic acid. The urines ex­
creted by the rpts fed the various diets were collected, and 
acetyl-L-phenylaminobutyric acid, or acetyl-p-aminobenzoic 
acid, were isolated from them, and their respective radio­
activities measured. Cholesterol and fatty acids were iso­
lated from the rat livers, and their respective radioactiv­
ities measured. The isopropyl moiety of isovaleric acid was 
converted to acetyl groups and incorporated into the liver 
fatty acids to about the same extent as was acetic acid, but 
was incorporated into cholesterol in much higher amounts. 
The acetate 'methyl1 was more effectively converted to choles­
terol than was the acetate 1carboxyl1. The conversion of the 
acetate to acetyl groups, cholesterol, and higher fatty acids 
was greater than that of the isovalerate carboxyl portion. 
There was no significant difference between the labelled 
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acetone or acetate to form acetyl groups, fatty acids, or 
cholesterol, when given simultaneously to rats. This indi­
cated that acetone was not an intermediate in the conversion 
of isovalerate into cholesterol. 
Wrentlind (71 ) determined the LD^q dosage of triglycer­
ides containing Cg to fatty acids in mice by intravenous 
injection. The LD50 was lowest for triisovalerin, but in­
creased successively when the fatty acid chain contained 
either less than or more than 5 carbon atoms. 
Shafiroff et. al. (57) have found that a coconut oil frac­
tion, which contained low molecular weight triglycerides, was 
quite toxic to humans, when given intravenously as 10 per cent 
of an emulsion, but that fractions containing higher molecular 
weight triglycerides were not. 
Samson et si. (56) observed in rats, when the sodium 
salts of fatty acids (Cg to C^q) were injected intravenously, 
that the amount of the sodium salt required to induce uncon­
sciousness decreased as the chain length of the fatty acid 
increased, however, when given subcutaneously, or force-fed, 
in similar quantities, they were without effect. 
Ozaki (46) found that tripropionin and triisovalerin, 
when fed as 5 per cent of the diet, were toxic to rats after 
one to three days on the diet. 
Deuel ejt al. ( 1-3) reported that the methyl esters of 
fatty acids (C3 to C-^q) were found to be somewhat toxic to 
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rats, but they do not mention the levels given. 
Ethyl butyrate and caproate, when fed as 55 per cent of 
the diet, were found to be toxic to rats (9). 
Stetten and Salcedo (61), in a study of the effects of 
dietary fatty acid chain length on the liver fat of choline-
deficient rats, observed that ethyl butyrate and caprylate, 
when fed as 35 per cent of the diet, were toxic to the ani­
mals . 
Eckstein (18) noted that 19 per cent of sodium butyrate 
in a diet induced polyurea in rats and the animals appeared 
not to be normal. 
Snyderman et al. (60) observed no toxic effects in in­
fants due to the presence of tributyrin or triacetin in the 
diet. 
Carroll (8) observed no toxic effects in rats when fed 
the even-numbered fatty acids from C^_ to Cgg as 10 per cent 
of the diet. 
The foregoing literature review is briefly summarized. 
The salts, esters and triglycerides of the short-chain fatty 
acids are digested and absorbed to a degree comparable to 
natural fats. The even-numbered acids generally are keto-
genic, with the exception of lsocaprylic acid which is gluco­
genic, and the odd-numbered acids are generally glucogenic, 
with the exception of isovaleric acid which is ketogenic. 
Caprylic, nonoic, and capric acids give rise to dicarboxylic 
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acids in the urine. The short-chain acids are metabolized 
via the beta-oxidation scheme. The assumption that short-
chain fatty acids are not present in animal fat depots is in 
error. And, whether or not the acids are toxic when admin­
istered orally, as opposed to intravenous injection, is not 
yet resolved. 
The following literature citations pertain to two methods 
of indirect calorimetry which are particular!ly adaptable to 
energy metabolism studies with small animals, the Haldane 
procedure and the body balance method (64, pp. 8-3-102). 
The open-circuit, respiratory-quotient method of Haldane 
assumes that no weighable quantities of gaseous or volatile 
substances are given off or absorbed during the experiment 
except carbon dioxide, water and oxygen. 
Forbes et, al. (23) measured the effect of four planes of 
nutrition, ranging from fasting to full feed, on the heat 
production of young rats. The data indicated that the heat 
increment increased directly, within certain limits, with an 
increased food consumption. 
Swift and Forbes (62) determined the heat production of 
fasting rats as related to environmental temperature. Thirty 
degrees centigrade was found to be the critical temperature 
for the rat. 
Forbes et al. (24) measured the dynamic effects and net 
energy values of protein, carbohydrate, and fat, separately, 
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and In combination, with young rets. They concluded that a 
nutrient, even if fed alone, was not necessarily utilized 
alone. The combination in which it was fed and metabolized 
largely determined its dynamic and net energy value. 
For studying the effect of certain dietary constituents, 
the body balance method is the method of choice as the data 
obtained ere very accurate. The method is limited to the 
determination of the amount of heat produced and of nitrogen 
retained over a long period of time. Single measurements of 
the nitrogen retention end heat production are obtained by 
subtracting from the nitrogen and gross energy of the feed, 
the nitrogen and energy of the body gain and excreta, re­
spectively. 
French et. al. (27) studied the energy utilization by rats 
of diets containing 2 and 30 per cent fat, respectively, at 
two levels of protein intake, 7 and 22 per cent, respectively. 
The level of protein in the diet was apparently without effect 
on the superior energy utilization of the high-fat diets. In­
creased body fat and energy gains, and decreased heat produc­
tion, were associated with the high-fat diets. 
Forbes e_t al. (25, 26) fed isoceloric diets containing 
2, 5, 10, and 30 per cent fat to young rats. As the fet con­
tent of the diet was increased, the fat digestibility, body 
weight gains, nitrogen retention and energy gains were propor­
tionally increased, with a corresponding decrease in heat 
18 
proâuctlon. 
Hosgland et. al. (34) were unable to find any significant 
differences in the growth rate and energy utilization of young 
rats fed diets containing 4, 9, or 14 per cent fat. 
Voris and Thacker (68) compared the effects of chloride-
deficient diets with normal chloride diets. Less nitrogen 
retention and energy gain and increased heat production was 
associated with the chloride-deficient diet. 
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EXPERIMENTAL PROCEDURE 
Preparation of Methyl Isovalerste, Ethyl Caproate, 
and the Sodium Salts of Isovaleric, 
Heptylic, and Caprylic Acids 
Methyl isovalerste and ethyl caproate were prepared by 
refluxing the respective acids with the appropriate alcohol 
in the presence of hydrochloric acid as a catalyst. The esters 
thus prepared were recovered from the mixtures by distillation 
and stored in suitable bottles for future use. 
The sodium salts of isovaleric, heptylic, and caprylic 
acids were prepared by saponifying each acid with a less than 
theoretical amount of sodium hydroxide necessary for complete 
saponification. The salts were recovered from the mixtures 
by removal of the excess acids with petroleum ether. They 
were then oven dried, ground to a fine powder, and stored in 
suitable bottles for future use. 
Preliminary Feeding Trials 
In view of the reported unpalatability snd toxicity of 
the short-chain fatty sold s, two short-term feeding trials 
were conducted to determine if the fstty acids contemplated 
for use in the rat diets for the body balance studies would 
be toxic and unpalatable. 
In the first trial of 6 days' duration, a commercislly 
available standard rst diet wss extracted 12 hours with 95 
per cent ethyl alcohol for fat removal. The extracted diet 
was divided into four rations of which three contained either 
2 per cent corn oil, 2 per cent methyl isovalerate, or 4 per 
cent methyl isovalerate, respectively. Eight rats, averaging 
155 grams in body weight, were assigned in pair* to the four 
rations. At the end of the 6-day period all rat?, appeared to 
be normal. There was no appreciable difference in their indi­
vidual feed intakes. 
In the second trial of 12 days' duration, 10 weanling 
rats, averaging 42 grams in body weight, were assigned in 
pairs to five rations which were similar in composition to the 
body balance rations as shown in Table 1. The rations con­
tained 0, 2, 4, 8, and 16 per cent ethyl caproate, respective­
ly. The 16 per cent ethyl caproate diet was refused almost 
entirely by the two rats, with one dying after three days. 
At the end of the 12-day period the rats receiving the other 
four rations appeared to be normal. There was no appreciable 
difference in their individual feed intakes. 
The two feeding trials suggested that recently weaned 
rats might be expected to perform satisfactorily over a longer 
experimental feeding period on a synthetic diet containing 9 
per cent or less of a short-chain fatty acid, such ps iso­
valeric or caproic acid. 
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Experimental Method. 
Three separate experiments were conducted by the body 
balance method ss described by Swift et. al. (63). In this 
method, body gains of energy and of protein were determined 
by the difference between values for these constituents pre­
viously determined on a control group representative of the 
experimental animals at the start and corresponding values 
for the animals sacrificed at the end of the experiment. 
Nitrogen utilization was computed both from the nitrogen 
gained and from the difference between nitrogen intake and 
excretion. Metabolizable energy was measured as the gross 
energy of the feed minus the energy of the excreta. Heat 
production was measured as the metabolizable energy minus the 
energy of the body gain for the entire experimental period of 
70 days. 
The body balance method was selected for the present 
study because it was particularily suited for use with rapidly 
growing small animals. The periods of measurement were suf­
ficiently long to give valid data for the most rapid growth 
phase of the young rat. The procedure followed in the calcu­
lations of the metabolizable energy and heat production tends 
to minimize experimental errors because relatively small and 
accurate energy values for the excreta and body gain are sub­
tracted from a large energy value for the food. 
Experimental Animals 
In each experiment, 24 recently weaned male albino rats 
of the Wistar strain were used. Three littermates of similar 
weight were selected and assigned to one of three treatments 
for a total of eight animals per treatment. 
Prior to starting the experimental periods, the rats 
were allowed 4-day orientation periods so as to become accus­
tomed to their cages and diet. At the completion of the ex­
perimental periods, the animals were sacrificed, the gastro­
intestinal contents removed, and the rat bodies then placed 
in a deep-freeze refrigerator for subsequent analysis. 
Experimental Isocaloric Diets 
The composition of the experimental diets were patterned 
after those used by Carroll (8) in his study of the digesti­
bility of short-chain fatty acids by the rat. Protein was 
provided in all rations by the addition of 22 per cent 
vitamin-free casein. 
In order to compare the energy metabolism of any one of 
three littermate rats with either of the other two, the three 
rations used In each experiment were formulated to be of 
equal, or near equal, gross energy value. As the rations 
were not to be of a specific caloric value but only equal, 
it was only necessary to know the energy values of the com­
ponents not common in identical quantities to the three 
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rations. 
Corn oil and sucrose were the variables used to make the 
rations isocaloric with a particular fatty acid ester or salt. 
For examnle, to determine the grams of corn oil and sucrose 
required to give an isocaloric mixture with one gram of a 
particular fatty acid ester or salt, let X equal grams of 
sucrose and (l-X) equal grams of corn oil, then, 
aX + b(1—X) = c 
where the coefficients a, b, and ç are eaual to the Calories 
per gram of sucrose, corn oil, and fatty acid ester or salt, 
respectively. The caloric values of corn oil, sucrose, fatty 
acid salt or ester, and the experimental rations were deter­
mined in an Emerson adisbatic fuel calorimeter. 
Food Allotment 
The method of food allotment used in the three exncri­
men t s was similar to the paired-feeding method of food allot­
ment described by Mitchell and Beadles (44) and Swift et al. 
(63). In their method, the amount of food given to each j:air 
each day was determined by the rat which consumed the least 
amount the preceding day. Their cross energy intake was 
equalized at the end of each week of the experimental period. 
In this study, the daily food allotment for each group of lit-
termates was determined by the rat which failed to consume all 
the food offered the preceding day. For example, if rats A, 
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B, and C were each offered 15 grams of food the preceding 
day, and rat C consumed only 13 grams, then the current food 
allotment might be 11 grams each with rat C then having a 
total of 13 grams of food for the current day. All three 
rats would then have been offered a total of 26 grams of food 
over a 48-hour period. In this manner, the feed intake of any 
one group of littermates was normally equalized every second 
day. 
Daily and Weekly Routine 
The rats were kept in individual metabolism cages of the 
type designed by Swift et £l. (63) which permitted the sep­
arate daily collection of feces and urine during the entire 
experimental period. Feed cups were removed from the cages 
at approximately the same time each day. The daily food 
allotments then were determined and the various amounts of 
feed weighed out in one-gram increments on a Mettler analy­
tical balance. The feed cups were then immediately replaced 
in their respective cages. The design of the feeders was 
such that feed spillage was kept to a minimum. Tap water was 
available to the animals at all times. All rations were kept 
stored in a refrigerator except when the food allotments were 
made. Daily feed and weekly body weight records were kept on 
each individual animal. 
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Analytical Methods 
Nitrogen values were determined by the boric acid modi­
fication of the Kjeldahl method. Energy values were deter­
mined with an Emerson adiabatic fuel calorimeter. Crude fat 
values were obtained by the Soxhlet extraction of the dried 
rat bodies for 48 hours with diethyl ether. 
Experiment 1. Fifty-Six-Day Body Balance Trial 
with Sodium Isovalerate as a Dietary Fat Source 
Objectives 
To determine whether the addition of sodium isovalerate 
to a diet, adequate in essential fatty acids, would affect the 
protein and energy utilization by the rat. 
To determine whether the addition of sodium isovalerate 
to a diet, inadequate in essential fatty acids, would accel­
erate the rate of development of an essential fatty acid defi­
ciency in the rat. 
Experimental animals 
Twenty-four recently weaned white albino rats of the 
Wis tar strain were selected and allotted as previously de­
scribed. They ranged in body weight from 4-3 to 76 grams at 
the start of the experimental period. 
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Experimental rations 
Three rations, whose compositions and analysis are given 
in Table 1, were prepared from purified foodstuffs, analyzed 
before the start of the experiment, and stored In a refriger­
ator until fed. Rations 1, 2, and 3 contained 0, 4, and 8 
per cent sodium isovalerate, respectively. 
The rations were made to be of equal gross energy value, 
in the manner previously described, by the addition of 5.96 
Table 1. Composition of experimental rations 
Component Ration 1 Ration 2 Ration 3 
Casein, vitamin-free 
% 
22 
% 
22 
% 
22 
Cerelose 49 49 49 
Corn starch 10 10 10 
Alnha eel 5 5 5 
Salt mixture8 4 4 4 
Vitamin mixture 2 2 2 
Corn oil-sucrose mixture0 8 4 0 
Sodium isovalerate 0 4 8 
Cal./gm. 
fo nitrogen 
3.927 
3.35 
3.919 
3.35 
3.875 
3.28 
8J ones and Foster salt mixture. Nutritional Biochemicals 
Corporation, Cleveland, Ohio. 
^Vitamin diet fortification mixture. Nutritional Bio­
chemicals Corporation, Cleveland, Ohio. 
cCorn oil-sucrose mixture lsocaloric with sodium iso­
valerate. 
per cent of sucrose and 2.06 per cent of corn oil to ration 1, 
and 2.98 per cent of sucrose and 1.02 per cent of corn oil to 
ration 2. As ration 3 was slightly lower in gross energy 
value than either rations 1 or 2, it was fed to the rats at 
the rate of one additional gram per 100 grams of ration 1 con­
sumed. 
The protein and vitamin contents of the three rations 
were adequate to prevent any influence of a suboptimal intake. 
Adequate amounts of essential fatty acids (5, 6) in the form 
of corn oil were present in rations 1 and 2. 
Hoagland et al. (34) were unable to find any significant 
differences in body weight gains and energy gains when rats 
were fed approximately isocaloric diets containing 4, 9, and 
14 per cent fat. For comparison of the data, this suggested 
that the effect of rations on the energy and protein utiliza­
tion by the rats would be essentially the same, even though 
the fat level of ration l was somewhat lower than those of 
rations 2 and 3. Therefore, any differences found could be 
attributed to the presence of sodium isovalerate, or other 
added fatty acids, in the diets. 
Daily and weekly routine 
The experimental collection period was 55 days during 
which daily urine and feces collections were made as previous­
ly described. 
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After the rats had completed the preliminary period, they 
were weighed to obtain an initial weight, then weighed every 
week following, for a total of 8 weeks. The body weights were 
obtained at approximately the same time of day for each weigh 
period. The weekly llveweights and total body gains are given 
in Table 4. 
The daily feed allotments and total feed consumptions for 
the individual rats are given in Table 5. 
Preparation of samples for analysis 
At the time the rations were prepared, samples were 
taken, placed in glass jars, and stored in a refrigerator for 
subsequent nitrogen and energy determinations. 
The collection of feces and urine was similar to that of 
Swift et al. (63). The feces pellets were transferred daily 
from the wire screens to individual sample bottles. At the 
end of the experimental period, they were placed in a drying 
oven at a. temperature of 55° C for 48 hours, air dried for 
a week, weighed, ground in a micro Wiley mill, and then stored 
in glass jars for later energy and nitrogen determinations. 
The urine was collected daily without preservative in 
the crystallizing dishes, washed out daily with hot distilled 
water into previously weighed 2-llter bottles to which 15 
milliliters of concentrated sulfuric acid had been added as 
a preservative. At the end of 28 days, the bottles were 
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weighed, weighed aliquots taken and transferred to previously 
weighed 1-liter bottles, and the remaining urine solutions 
discarded. The same procedure was repeated for the final 28 
days of the experimental period, with the second urine ali­
quot being combined with the first. Weighed amounts were 
taken directly from the combined aliquots and analyzed for 
nitrogen content. 
In preparing the urine samples for energy determinations, 
approximately 200 grams of each combined aliquot were concen­
trated to small convenient volumes at 55° C in a drying oven. 
The concentrated urines were weighed again to obtain their 
respective concentration factors. Weighed aliquots of the 
concentrated urine were transferred to small platinum cru­
cibles, placed in vacuum dessicators over* sulfuric acid for 
several days, then ignited in an Emerson adiabatic fuel calor­
imeter. 
The rats were sacrificed at the end of the 56-day experi­
mental period, the gastro-intestinal contents removed and 
discarded, and the rat bodies placed in a deep-freeze re­
frigerator. After the bodies were thoroughly frozen, they 
were cut into small pieces by means of a heavy meat cleaver. 
The bodies were then placed in previously weighed 500 milli­
liter freeze-drying flasks, and the moisture removed by sub­
limation using a VirTls freeze-drying apparatus. The dried 
bodies were extracted in large Soxhlet fat extractor units 
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for 48 hours with diethyl ether to divide the samples into 
two fractions : a crude fat portion that was weighed and 
analyzed for energy ; and a body residue that was air dried, 
weighed, finely ground by passing through a macro Wiley mill 
three times, using a fine screen, and then analyzed for nitro­
gen and energy content. The extraction of fat from the tis­
sues was necessary to prevent a mechanical loss of energy in 
the form of fat which would otherwise occur during the grind­
ing process. 
Experiment 2. Forty-Two-Day Body Balance Trial 
with Sodium Isovalerate and Ethyl Caproate 
as Dietary F at Sources 
Objective 
To determine if the protein and energy utilization by 
rats fed a diet containing adequate amounts of essential 
fatty acids in the form of corn oil, but otherwise fat-free, 
would differ from that by rats fed the same diet to which 
either a short-chain fatty acid ester or salt had been added. 
Experimental animals 
Twenty-four recently weaned white albino rats of the 
Wistar strain were selected and allotted as previously de­
scribed. They ranged in body weight from 52 to 91 grams at 
the start of the experimental period. 
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Experimental rations 
Three rations, whose compositions and analyses are given 
in Table 2, were prepared from purified foodstuffs, analyzed 
before the start of the experiment, and stored in a refrig­
erator until fed. All rations contained approximately 1 per 
cent corn oil, and were adequate in vitamins and protein. 
Ration 4 was essentially fat-free. Rations 5 and 6 contained 
8 per cent sodium isovalerate and ethyl caproate, respec­
tively . 
Table 2. Composition of experimental rations 
Component Ration 4 Ration 5 Ration 6 
Casein, vitamin-free 
* 
22. 
1 
00 ?? 
% 
.00 22 
% 
.00 
Cerelose 48. 00 48 .00 48 .00 
Corn starch 10. 00 10 .00 10 .00 
Alpha eel 5. 00 5 .00 5 .00 
Salt mixture9 , 4. 00 4 .00 4 .00 
Vitamin mixture 2. 00 2 .00 0 .00 
Corn oil 1. 00 1 .00 1 .00 
Sucrose 15. 84 5 .03 0 .00 
Sodium isovalerate 0. 00 8 .00 0 .00 
Ethyl caproate 0. 00 0 .00 8 .00 
Cal./gm. 3. 848 3 .936 4 .071 
% nitrogen 3. 16 3 .01 3 .31 
aJones and Foster salt mixture. Nutritional Biochemi­
cals Corporation, Cleveland, Ohio. 
^Vitamin diet for fortification mixture. Nutritional 
Biochemicals Corporation, Cleveland, Ohio. 
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Rations 4 and 5 contained 94.5 and 96.7 per cent, re­
spectively, as much gross energy as ration 6. However, the 
rations were fed in identical amounts. The effect of rations 
on the three groups of rats were compared on the basis of 
percentage of gross energy intake gained and percentage of 
nitrogen intake retained. 
Daily and weekly routine 
The experimental collection period was 42 days during 
which daily urine and feces collections were made as previous­
ly described. 
The weekly liveweights and total body gains, as shown in 
Table 11, and the daily feed allotments and total feed con­
sumption, as shown in Table 12, were obtained as in Experiment 
1. 
Preparation of samples for analysis 
The preparations of feed, feces, and body samples were 
the same as described in Experiment 1. 
The urine was collected daily without preservative in 
the crystallizing dishes, washed out daily with a hot 0.18 N 
hydrochloric acid solution (65) into previously weighed 2-
liter bottles. At the end of the 42-day collection period, 
the bottles were weighed end stored in a cool room for subse­
quent analysis. Nitrogen was determined directly from the 
33 
urine bottles by analyzing weighed aliquots. 
In preparing the urine samples for energy determination, 
approximately 200 grams of a urine sample was concentrated 
almost to dryness by freeze-drying. The concentrate was 
transferred quantitatively to previously weighed 150 milli­
liter freeze-drying flasks which contained 1 gram of pre­
viously fired asbestos. The urine was kept mixed with the 
asbestos during the shell-freezing process prior to attach­
ing the flask to the freeze-dryer. After the urine-asbestos 
mixture had been taken almost to dryness, the flask was 
weighed, and a concentration factor for the urine was deter­
mined. The asbestos-urine mixture was transferred to pre­
viously weighed platinum crucibles and weighed. Approxi­
mately 250 milligrams of corn oil of known caloric value was 
then weighed into the platinum crucible. The asbestos-urine-
corn oil mixture was then ignited In an Emerson adisbatlc 
fuel calorimeter. The urine caloric value was determined by 
subtracting the caloric value of the added corn oil from the 
total caloric value of the mixture. 
Experiment 3. Thirty-Five-Day Body Balance Trial 
with Sodium Heptylate and Sodium Caprylate 
as Dietary Fat Sources 
Objective 
To compare the effects of isocalorlc diets, adequate in 
essential fatty acids, and containing either corn oil, sodium 
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heptylate, or sodium caprylate, upon the protein and energy 
utilization by rats. 
Experimental animals 
Twenty-four recently weaned white albino rats of the 
Wistar strain were selected and allotted as previously de­
scribed. They ranged in body weight from 44 to 72 grams at 
the start of the experimental period. 
Experimental rations 
Three rations, whose compositions and analyses are given 
in Table 3, were prepared from purified foodstuffs, analyzed 
before the start of the experiment, and stored in a refrig­
erator until fed. All rations contained adequate amounts of 
essential fatty acids, vitamins, and protein. 
The rations were made to be isocaloric, in the manner 
previously described, by the addition of corn oil and sucrose 
to ration 7, and corn oil to ration 8. The level of fat in 
ration 7 was approximately 50 per cent of that contained in 
either rations 8 or 9. The data obtained were compared in the 
same manner as in Experiment 1. 
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Table 3. Composition of experimental rations 
Component Ration 7 Ration 8 Ration 9 
% .5 1 % 
Casein, vitamin-free 22 .00 22. 00 22 .00 
Cerelose 48 .00 48. 00 48 .00 
Corn starch 10 .00 10. 00 10 .00 
Alpha eel 5 .00 5. 00 5 .00 
Salt mixture3 4 .00 4. 00 4 .00 
Vitamin mixture ?. 00 2. 00 <? .00 
Corn oil 4 .68 1. 13 1 .00 
Sucrose 4 .32 0. 00 0 .00 
Sodium heptylate 0 .00 8. 00 0 .00 
Sodium caprylate 0 .00 0. 00 8 .00 
Cal./gm. 4 .040 3. 993 3 .990 
% nitrogen 3 .16 3. 10 3 .10 
ones and Foster salt mixture. Nutritional Biochemicals 
Corporation, Cleveland, Ohio. 
^Vitamin diet fortification mixture. Nutritional Bio­
chemicals Corporation, Cleveland, Ohio. 
Daily and weekly routine 
The experimental collection period was 35 days during 
which daily urine and feces collections were made as previous­
ly described. 
The weekly liveweights and total body gains, as shown in 
Table 18, and the daily feed allotments and total feed con­
sumption, as shown in Table 19, were obtained as in Experi­
ment 1. 
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Preparation of samples for analysis 
The preparations of feed, feces, and body samples were 
the same as described in Experiment 1. 
The urine was collected and nitrogen analysis made as 
described in Experiment 2. 
The preparation of the urine samples for energy deter­
minations was the same as in Experiment 2 with the following 
exception: 200 grams of urine was concentrated at 4 5° C in 
a flash-evaporator to approximately 10 milliliters, then 
transferred quantitatively to a previously weighed 150 milli­
liter freeze-drying flask which contained 1 gram of previously 
fired asbestos. 
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PRESENTATION OF DATA 
Experiment 1 
The data obtained in the study of the effect of sodium 
isovalerate as a dietary fat source are presented in Tables 
4 - 10, inclusive. 
Experiment 2 
The data obtained in the study of the effects of sodium 
isovalerate and ethyl caproate as dietary fat sources are 
presented in Tables 11 - 17, inclusive. 
Experiment 3 
The data obtained in the study of the effects of sodium 
heptylate and caprylate as dietary fat sources are presented 
in Tables 18 - 54, inclusive. 
38 
Table 4. Liveweights and body gain of rats during 56 days on 
approximately isocaloric quantities of rations 
containing 0%, 4/8, and Q% sodium isovalerate as 
added dietary fat 
Ration Rat Weeks on experiment Body 
no. no. 0 1 2 3 4 5 6 7 8 gain 
gm. gm. gm. gm. gm. gm. gm. gm. gm. gm. 
1 1 62 94 116 132 165 197 210 218 229 167 
2 2 60 101 117 133 165 194 219 222 240 180 
3 3 65 89 12.0 134 165 193 207 207 22? 157 
1 4 62 100 139 144 17? 195 221 227 250 188 
2 5 56 93 130 137 169 200 222 229 2.50 194 
3 6 62 93 125 136 165 189 208 219 233 171 
1 7 75 109 140 156 191 218 244 248 272 197 
2 8 75 108 139 154 188 216 242 247 263 188 
3 9 60 93 125 136 169 193 205 211 228 168 
1 10 74 113 142 164 206 23? 254 265 291 217 
2 11 73 107 135 152 184 212 234 245 268 195 
3 12 76 110 133 150 190 213 230 242 256 180 
1 13 73 101 134 153 189 221 244 252 273 200 
2 14 76 105 135 151 185 217 242 251 272 196 
3 15 71 100 133 147 182 208 222 231 243 172 
1 16 55 88 122 133 173 209 231 248 257 202 
2 17 51 82 120 130 168 205 232 248 259 208 
3 18 56 85 116 127 162 190 204 920 213 157 
1 19 51 83 119 130 162 189 214 226 248 197 
2 20 59 90 124 133 169 197 224 236 258 199 
3 21 54 82 116 125 156 184 202 213 228 174 
1 22 52 84 117 127 156 188 210 225 245 193 
2 23 44 74 113 124 148 179 201 219 235 191 
3 24 43 78 110 114 136 170 185 197 211 168 
Average initial weights and body gains 
1 63 34 31 15 34 2,9 22 10 20 195 
2 62 33 32 12 33 30 24 10 19 194 
3 61 30 31 11 32 27 15 10 12 168 
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Table 5. Feed consumption of rats during 56 days on 
approximately Isoceloric quantities of rations 
containing 0;% 4%, and Q% sodium Isovalerate as 
added dietary fat 
Ration Rat Weeks on experiment 
no. no. 12345678 Total 
gm. gm. g!T. gm. gm. gm. gm. gm. gm. 
1 1 77 81 80 96 106 103 86 93 722 
2 2 77 81 80 96 106 103 86 93 799 
3 3 77 85 80 97 107 104 89 94 733 
1 4 77 94 80 101 106 110 92 105 765 
2 5 77 94 80 101 106 110 92 105 765 
3 6 77 94 80 109 107 111 95 106 772 
1 7 77 94 80 103 109 115 88 105 771 
2 8 77 94 80 103 109 115 88 105 771 
3 9 77 94 80 104 110 116 92 106 779 
1 10 80 96 90 114 109 112 102 111 814 
2 11 80 96 90 114 109 112 102 111 814 
3 12 80 96 90 115 110 113 106 112 822 
1 13 77 95 85 106 119 119 10 9 111 814 
2 14 77 95 85 106 119 119 102 111 814 
3 15 77 95 85 107 120 120 106 112 822 
1 16 67 92 94 103 121 118 110 99 804 
2 17 67 92 94 103 121 118 110 99 804 
3 18 67 92 94 104 122 119 114 100 812 
1 19 67 91 94 101 108 114 99 111 785 
2 20 67 91 94 101 108 114 99 111 785 
3 21 67 91 94 102 109 115 103 112 793 
1 22 67 88 92 82 105 107 100 105 746 
2 23 67 88 92 82 105 107 100 105 746 
3 24 67 88 92 83 106 108 103 106 753 
Average feed consumption 
1 74 91 87 101 110 112 97 105 777 
2 74 91 87 101 110 112 97 105 777 
3 74 92 87 102 111 113 101 106 786 
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Table 6. Average feed efficiencies of rats during 56 days 
on approximately isocaloric quantities of rations 
containing 0%, 4%, and Q% sodium isovalerate as 
added dietary fat 
Ration 
no. 
No. of 
animals 
Average 
feed 
consumed 
Average 
weight 
gain 
Feed 
efficiency1 
gm. gm. 
1 8 777 195 3.98 
2 8 777 194 4.01 
3 8 786 168 4.68 
aGms. feed/gm. gain. 
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Table 7. Summery of nitrogen and energy utilization of rets for -56 days on 
approximately isocaloric quantities of rations containing 0%, 4%, 
and 8/2 sodium isovalerate as added dietary fat 
Ration 1 Ration 2 Ration 3 
Nitrogen Energy Nitrogen Energy Nitrogen Energy 
gm. Cal. gm. Cal. gm. Cal. 
Intake 26.05 .3054 26.05 304 8 25.77 3045 
Output 
In feces 
In urine 
1.82 
17.55 
234 
128 
1.4 8 
18.39 
220 
143 
1.47 
18.80 
2^0 
159 
Retained 6.69 6.18 5.50 
Meta.bolizable energy 2692 2686 2666 
Body analysis 
At start 
At end 
1.52 
7.62 
1.49 
7.29 
1.46 
6.56 
Body gain 
As fat 
As "protein" etc. 
Total 6.10 
321 
204 
525 5.80 
351 
199 
550 5.10 
289 
176 
465 
Heat production 2167 2136 2201 
Table 8. Partition of nitrogen intake per rat for 56 days on approximately 
isocaloric quantities of rations containing 0%, 4%, and 8% sodium 
isovalerate as added dietary fat 
Ration 1 
Recovery in 
Rat Output In body Body feces, urine, 
no. Intake Feces Urine Retained At start At end gain and body gain 
gm. gm. gm. gm. gm. gm. gm. % 
1 24.19 1.68 16.76 5. 75 1.49 6.79 5.30 98.14 
4 25.63 1.72 17.73 6.18 1.50 6.95 5.45 97.15 
7 25.83 1.72 16.81 7.30 1.81 9.30 7.49 100.74 
10 27.27 2.05 17.90 7.32 1.78 8.49 6.71 97.76 
13 27.27 2.20 18.55 6.52 1.76 7.69 5.93 97.84 
16 26.93 2.02 18.11 6.80 1.33 7.46 6.13 97.51 
19 26.30 1.78 18.16 6.36 1.93 6.99 5.76 97.72 
22 24.99 1.38 16.40 7.21 1.25 7.32 6.07 95.44 
Average 
26.05 1.82 17.55 6.69 1.5? 7.62 6.10 97.77 
Table 8. (Continued) 
Rat Output 
no. Intake Feces Urine 
gm. gm. gm. 
2 24.19 1.45 17.82 
5 25.63 1.60 17.48 
8 25.83 1.42 18.35 
11 27.27 1.52 19.45 
14 27.27 1.52 19.70 
17 26.93 1.70 18.96 
2.0 26.30 1.41 18.70 
23 24 .99 1.19 16.67 
Average 
26.05 1.48 18.39 
Ration ? 
Recovery in 
In body Body feces , urine, 
Retained At start At end gain and body gain 
gm. gm. gm. gm. % 
4.92 1.45 6.53 5.08 100.66 
6.55 1.35 7.67 6.32 99.10 
6.05 1.81 7.88 6.07 100.00 
6.30 1.75 7.35 5.59 97.40 
6.05 1.83 7.18 5.35 97.43 
8.27 1.29 7.38 6.16 99.59 
6.19 1.42 7.30 5.88 98.89 
7.13 1.06 7.09 5.96 95.39 
CO H
 
to 
1.49 7.29 5.80 98.54 
Table 8. (Continued) 
Ration 3 
Recovery in 
Rat Output In body Body feces, urine, 
no. Intake Feces Urine Retained At start At end gain and body gain 
gm. gm. gm. gm. gm. gm. gm. 
3 24.04 1.41 17.29 5.34 1.56 6.54 4.98 98.50 
6 25.32 1.44 18.54 5.34 1.49 6.59 5.10 99.05 
9 25.55 1.52 18.65 5.38 1.45 6.60 5.15 99 .09 
1? 26.96 1.84 20.23 4.89 1.83 7.28 5.45 102.07 
15 26.96 1.59 19.75 5.62 1.71 6.69 4.98 97.63 
18 26.63 1.40 19.41 5.82 1.35 6.35 5.00 96.99 
21 26.01 1.32 18.60 6.09 1.30 6 .96 5.66 98.35 
24 24.70 1.20 17.95 5. 55 1.03 5.50 4.47 9 5.63 
Average 
25.77 1.47 18.80 5. 50 1.46 6.56 5.10 98.45 
Table 9. Partition of energy intake per rat for 56 deys on approximately 
isocaloric quantities of rations containing 0%, 4%, end 8% sodium 
isovalerate as added dietary fat 
Ration 1 
In body 
At end 
Rat Output Metsbo- Ether Body Heat 
no. Intake Feces Urine lizable At start extract Residue gain production 
Cal. Cel. Cal. Cal. Cal. Cal. Cal. Cal. Cal. 
1 2836 223.1 117.8 9495 98.6 976.5 935.7 413.6 2081 
4 3004 225.7 131.8 2647 98.6 360.0 943.3 504.7 9149 
7 3028 238.9 129.0 2667 119.3 348.3 291.9 590.9 9146 
10 3197 246.4 127.7 2823 117.7 417.7 2.87.1 587.1 9936 
13 3197 246.1 134.9 2816 116.1 438.0 260.9 582.8 9939 
16 3158 234.7 129.7 2794 87.5 342.1 963.6 518.9 9276 
19 3083 239.4 138.6 2705 81.1 446.8 938.9 604.6 9100 
22 2930 213.4 124.9 9592 82.7 989.6 958.6 465.5 9127 
Avera 6e 
3054 233.5 128.4 2692 524.7 9167 
Table 9. (Continued) 
Rat Output Metabo-
no. Intake Feces Urine lizable 
Cal. Cal. Cal. Cal. 
2 2829 218.2 134.6 2476 
5 2998 233.8 146.5 2618 
8 3022 222.5 133.6 2666 
11 3190 224.7 139 • 5 2826 
14 3190 223.2 146.6 2820 
17 3151 218.2 141.9 2791 
20 3076 216.3 149.9 2710 
23 2924 202.1 147.9 2574 
Average 
3048 219 .9 142.6 2686 
Ration 2 
In body 
At end 
Ether Body Heat 
At start extract Residue gain production 
Cal. Cal. Cal. Cal. Cal. 
95.4 420.5 225.6 550.7 1925 
89.0 302.1 261.4 474.5 9144 
119.3 367.3 261.9 509.9 2156 
116.1 501.3 251.0 636.2 2190 
120.8 533.0 256.1 668.3 2152 
81.1 366.0 264.3 549.2 2242 
93.8 382.7 256.0 544.9 2165 
70.0 280.5 251.1 461.6 2112 
549.5 2136 
Table 9. (Continued) 
Ration 3 
In body 
At end 
Rat Output Metabo- Ether Body Heat 
no. Intake Feces Urine 11zable At start extract Residue gain production 
Cal. Cal. Cal. Cal. Cal. Cal. Cal. Cal. Cal. 
3 2841 219.6 146.3 2475 103.4 256.5 22.3.3 376.4 2099 
6 2992 217.1 156.0 2619 98.6 331.1 230.8 463.3 2156 
9 3019 220.3 158.8 2640 95.4 328.2 226.6 459.4 2181 
12. 3186 225.5 160.9 2800 120.8 447.4 253.6 580.2 2220 
15 3186 230.0 168.2 2788 112.9 359.6 233 .0 479.7 2308 
18 3147 212.8 160.9 2773 89 .0 356.5 217.9 485.4 2288 
21 3073 237.1 164.5 2681 85.9 289.5 246.6 450.2 2231 
24 2918 201.1 159 .9 2557 68.4 285.9 208.6 426.0 2131 
Average 
304 5 219.2 159.4 2666 465.1 2201 
Table 10. Energy gain as fat and "protein" per r 
quantities of rations containing 0%, 4 
as added dietary fat 
Ration 1 
Hat Energy at start Energy at end. 
no. As fat As "protein" As fat As "protein" 
Cel. Cal. Cal. Cal. 
1 43.9 54.7 276.5 235.7 
4 43.9 54.7 360.0 243.3 
7 53.1 66.2 348.3 291.9 
10 52.4 65.3 417.7 287.1 
13 51.7 64.4 438.0 960.9 
16 38.9 48.6 349.1 263.6 
19 36.1 45.0 446 .8 238.9 
22 36.8 45.9 289.6 95P.6 
Average 
for 56 days on isocaloric 
and Q% sodium lsovalerate 
Energy pain Grams of 
As fPt As "protein" fat gained 
Cal. Cal. gm. 
939.5 181.0 94.55 
316.1 189.6 33.47 
995.2 °P5. 7 31.57 
365.3 PP1.9 3P.66 
386.3 196.5 41.09 
303.9 915.0 39.10 
410.7 193.9 43.63 
952.8 919.7 26.83 
320.3 904.4 33.98 
Table 10. (Continued) 
Ration 2 
Rat Energy pt start Energy r t end 
no. As fat As "protein" As fat As "protein" 
Cal. Cal. Cal. Cal. 
2 42.5 52.9 420.5 225.6 
5 39.6 49.4 302.1 261.4 
8 53.1 66.2 367.3 261.9 
11 51.7 64.4 501.3 251.0 
14 53.8 67.0 533.0 256.1 
17 36.1 45.0 366.0 264.3 
20 41.7 52.1 382.7 255.0 
23 31.2 38.8 280. 5 251.1 
Average 
Energy gain Grams of 
As fat As "protein" fat gained 
Cel. Cal. gm. 
378.0 179.7 40.9g 
962.5 °12.0 97.87 
•314.2 19 5.7 33.35 
449.6 186.6 47.56 
479.9 189.1 50.93 
399.9 219.3 35.90 
341.0 9Q3.9 35.79 
249.3 919.3 96.38 
350.5 199.0 37.17 
Table 10. (Continued) 
Ration 3 
Rat Energy at start Energy at end Energy gain Grams of 
no. As fat As "protein" As fat As "protein" As fat As "nrotein" fat gained 
Cel. Cel. Cal. Cal. Cel. Cal. gm. 
3 46.0 57.4 256.5 923.3 210.5 165.9 29.04 
6 45.9 54.7 331.1 930.8 237.9 176.1 30.18 
9 42.5 59.9 328.2 926.6 985.7 173.7 30.97 
12 53.8 67.0 447.4 953.6 393.6 186.6 41.78 
15 50.2 62.7 3 59 .6 233.0 309 .4 170.3 39.16 
18 39.6 49.4 356.5 217.9 315.9 168.5 34.00 
21 38.2 47.7 989.5 246.6 951.3 198.9 96.74 
24 30.4 38.0 285.9 908.6 255.4 170.6 97.10 
Average 
288.8 176.3 30.53 
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Table 11. Liveweights and body gain of rats during 4P days 
on approximately isocsloric quantities of rations 
containing 0%, 8% sodium isovalerate, and 
ethyl csproate as added dietary fat 
it ion 
10 . 
Rat 
no • 
Weeks on experiment Body 
gain 0 1 2 3 4 5 6 
gm. gm. gm. g%. gm. gm. gm. gm. 
4 25 75 96 119 149 157 196 210 135 
5 26 91 107 1°5 154 166 909 224 133 
6 27 79 104 120 151 161 200 214 13 5 
4 28 84 113 14° 169 178 213 230 146 
5 29 78 107 135 163 162 900 916 138 
6 30 70 104 130 154 165 204 994 154 
4 31 77 105 114 147 156 190 911 134 
5 32 8? 107 113 146 155 193 209 192 
6 33 76 105 118 155 161 200 215 139 
4 34 80 99 136 152 197 223 249 169 
5 35 78 99 127 145 191 211 931 153 
6 36 60 82 117 132 177 200 997 167 
4 37 65 85 126 129 170 184 905 140 
5 38 58 85 104 120 172 190 205 147 
6 39 55 76 117 121 165 183 201 146 
4 40 71 97 121 130 172 189 216 145 
5 41 72 107 124 124 167 187 213 141 
6 42 63 95 122 132 176 198 233 170 
4 43 80 112 149 157 196 219 235 155 
5 44 75 106 140 146 188 205 240 165 
6 45 55 93 131 139 178 198 224 169 
4 46 68 80 97 108 152 165 187 119 
5 47 67 79 95 106 147 165 181 114 
6 48 52 74 93 100 142 159 172 120 
Average initi al weights and body gains 
4 75 23 27 17 30 94 21 149 
5 76 24 21 18 30 26 20 139 
6 64 28 27 17 30 97 21 150 
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Table 12- Feed consumption of rats during 42 days on 
approximately isocaloric Quantities of rations 
containing 0%, 8% sodium isovalerate, and 8% 
ethyl caproste as added dietary fat 
Ration Rat Weeks on experiment 
no. no. 1 ? 3 4 5 6 Total 
gm. g-1-- gm gm. gm. gm. gm. 
4, 5,6 25,26,27 58 75 87 73 93 82 468 
4, 5,6 28,29,30 72 95 96 74 102 95 534 
4, 5,6 31,32,33 72 67 90 69 93 88 479 
4, 5,6 34,35,36 62 90 77 106 98 116 549 
4, 5,6 37,38,39 59 90 68 88 78 96 479 
4, 5,6 40,41,42 73 81 71 103 96 116 540 
4, 5,6 43,44,45 78 107 71 98 93 113 560 
4, 5,6 46,47,48 55 59 63 92 69 98 436 
Aver age feed con sumption 
4, 5,6 66 83 78 88 90 100 505 
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Table 13. Average feed efficiencies of rats during 4P days 
on approximately isocaloric quantities of rations 
containing 0%, 8% sodium Isovalerate, and Q% ethyl 
caproate as added dietary fat 
Average Average 
Ration No. of feed weight Feed 
no. animals consumed gain efficiency' 
gm. gm. 
4 8 505 14? 3.56 
5 8 505 139 3.63 
6 8 505 150 3.37 
sGms. feed/gm. gain. 
Table 14. Summary of nitrogen and energy utilization of rats for 42 days on 
approximately isocaloric quantities of rations containing 0/=, 8% 
sodium isovalerate, and Q% ethyl caproate as added dietary fat 
Ration 4 Ration 5 Ration 6 
Nitrogen Energy Nitrogen Energy Nitrogen Energy 
gm. Cal. gm. Cal. gm. CPI. 
Intake 15.57 1946 15. 52 1990 16.23 °058 
Output 
In feces 
In urine 
0.91 
9.90 
134 .5 
77.4 
0.74 
10.13 
129.2 
90.2 
1.00 
10.42 
142.1 
84.1 
Retained 4.76 4.66 4.81 
Metsbolizable energy 1734 1771 1832 
Body analysis 
At start 
At end 
1.81 
6.34 
1.83 
6.04 
1.54 
6.03 
Body gain 
As fat 
As "protein11 
Total 4.53 
252.1 
155. 2, 
407.3 4.22 
247.1 
150.9 
398.0 4.49 
281.4 
159.4 
440.8 
Heat production 1327 1373 1391 
Table 15. Partition of nitrogen intake per rat for 4? days on approximately 
isocaloric quantities of rations containing 0%, 9>% sodium isovalerate, 
and Q/'o ethyl caproate as added dietary fat 
Ration 4 
Recovery in 
Rat Output In body Body feces, urine, 
no. Intake Feces Urine Retained At start At end gain and body gain 
gm. gm. gm. g-n. gm. gm. gm. % 
25 14.41 0.86 8.83 4.72 1.81 5.16 4.35 97.43 
28 16.45 0.97 11.11 4.37 2.02 6.29 4.27 99 .39 
31 14.75 0.98 9.30 4.47 1.86 5.90 4.04 97.08 
34 16.91 0.90 10.08 5.93 1.93 7.96 6.03 100.59 
37 14.75 0.87 9.23 4.65 1.57 6.6* 5.05 102.71 
40 16.63 0.93 9 .98 5.72 1.71 5.83 4.IP 90.38 
43 17.25 0.99 10.75 5.51 1.93 6.75 4.82 96.00 
46 13.43 0.79 9.96 2.68 1.64 5.18 3.54 106.40 
Average 
15. 57 0.91 9.90 4.76 1.81 6.34 4.53 98.52 
Table 15. (Continued) 
Ration 5 
Recovery in 
Rat Output In body Body feces, urine, 
no. Intake i'eces Urine Retained At start At end gain and body gain 
gm. gm. gm. gm. gm. gm. g". % 
26 14.37 0.71 8.71 4.95 9.19 6.37 4.18 94.64 
29 16.39 0.79 11.14 4.46 1.88 6.24 4 .36 99.39 
32 14.71 0.69 9.96 4.06 2.10 5.73 3.63 97.07 
35 16.85 0.76 11.07 5.02 1.88 6.65 4.77 go.59 
38 14.71 0.64 8.31 5.76 1.40 6.24 4.84 93. 75 
41 16.58 0.87 10.96 4.75 1.74 5.88 4 .14 96.39 
44 17.19 0.84 10.51 5.84 1.81 6.99 4.48 92.09 
47 13.39 0.60 10.34 2.45 1.61 4.93 3.32 106.49 
Average 
15.52 0.74 10.13 4.66 1.83 6.04 4.22 97.23 
Table 15. (Continued) 
Ration 6 
Recovery in 
Rat Output In body Body feces, urine, 
no. Intake Feces Urine Retained At start At end gain and body gpin 
gm. gm. gm. gm. gr; . gm. gm. % 
27 15.02 1.03 9.91 4.08 1.90 5.83 3.93 99 .00 
30 17.14 1.2,0 11.79 4 .15 1.69 5.56 3.87 9A.36 
33 15.38 1.03 9.63 4.72 1.83 6.23 4.40 97.91 
36 17.62 0.96 11.66 5.00 1.45 6.41 4.96 99.77 
39 15.38 0.87 9.88 4.63 1.33 5.62 4.29 97.78 
42 17.33 1.06 10.94 5.33 1.52 6.80 5.98 99.71 
45 17.98 0.92 11.13 5.93 1.33 6.67 5.34 96.72 
48 14.00 0.92 8.44 4.64 1.25 5.09 3.84 94.29 
Average 
16.23 1.00 10.42 00
 
H
 
1.54 6.03 4.49 98.03 
Table 16- Partition of energy Intake per ret for 42 days on approximately 
isocaloric quantities of rations containing 0%, 8/» medium iso­
valerate, and Q% ethyl caproate as added dietary fat 
Ration 4 
In body 
At end 
Rat Output Metabo- Ether Body Heat 
no. Intake Feces Urine lizable At start extract Residue gain production 
Cel. Cal. Cal. Cal. Cal. Cal. Cal. Cal. Cal. 
2.5 1801 129.5 76.6 1595 119.3 241.9 217.9 340.5 1255 
28 2055 147.0 80.3 1828 133.6 391.6 179.0 437.0 1391 
31 1843 135.3 79.3 1629 122.4 283.9 212.8 374.3 1255 
34 2113 144.2 55 .5 1903 127.2 352-1 277.1 502.0 1401 
37 1843 124.7 77.2 1641 103.4 164.6 234.8 296.0 1345 
40 2078 133.8 81.3 1863 112.9 372.5 217.7 477.3 1386 
43 2155 140.4 84.6 1930 127.2 358.5 249.9 481.2 1449 
46 1678 121.3 75.0 1482 108.1 276.4 181.9 350.2 1132 
Average 
1946 134.5 77.4 1734 407.3 1327 
Table 16. (Continued) 
Rat Output Metabo-
no. Intake Feces Urine lizable 
Cal. Cal. Cal. Cal. 
26 1842 128.3 86.0 1628 
29 2102 136.9 102.9 1862 
32 1885 121.3 81.8 1682 
35 2161 133.6 102.7 1925 
38 1885 117.9 76.4 1691 
41 2125 136.9 87.0 1901 
44 2204 147.6 98.0 1958 
47 1716 111.1 86.7 1518 
Average 
1990 129.2 90.2 1771 
Ration 5 
In body 
At end 
Ether Body Heat 
At start extract Residue gain production 
Cal. Cal. Cal. Cel. Cal. 
144.7 265.4 236.6 357.3 1271 
124.0 230.4 218.2 324.6 1537 
138.3 268.2 911.4 341.3 1341 
124.0 354.0 946.6 476.6 1448 
92.2 222.3 216.8 346.9 1344 
114.5 358.9 206.3 450.7 1450 
119.3 392.3 225.8 498.8 1459 
106.5 314.3 179 .9 387.7 1130 
399.0 1373 
Table 16. (Continued) 
Ration 6 
In body 
At end 
Rat Output Metabo- Ether Body Heat 
no. Intake Feces Urine lizable At start extract Residue gain production 
Gal. Cal. Cal. Cal. Cal. Cal. Cal. Cal. Cal. 
27 1905 139.1 72.1 1694 125.6 291.5 214.8 380.7 1313 
30 2174 162.1 81.3 1931 111.3 446.1 2.02.0 536.8 1394 
33 1950 137.6 87.1 1725 120.8 253.3 2^3.6 356.1 1369 
36 2235 147.3 102.6 1985 95.4 341.4 231.8 477.8 1507 
39 1950 126.3 83.5 1740 87.5 333 .5 203.8 449.8 1290 
42 2198 151.0 92.2 1955 100.2 340.6 235.1 475.5 1480 
45 2279 150.0 85.8 2043 87.5 385.5 232.7 450.7 1512 
48 1775 123.7 68.3 1583 82.7 2?0.0 181.3 318.6 1264 
Average 
2058 142.1 00
 
H
 
1832 440.8 1391 
Table 17. Energy gain as fat and "protein " per rat for 42 days on approximately 
isocaloric quantities of rations containing 0.9, 8% sodium' isovalerate, 
and 8/o ethyl caproate as added dietary fat 
Rat 
no. 
Energy at start 
As fat As "protein" 
Ration 4 
Energy at end Eneri 
As fpt As "protein" As fat j ;.v gain is "protein" 
Grams of 
fet gained 
Cel. Gal. Cel. Cel. Cal. Cel. gm. 
25 53.1 66.2 241.9 217.9 198.8 151.7 90.05 
28 59.4 74.2 391.6 179 .0 339.2 104.9 35.47 
31 54.5 67.9 283.9 212.8 °29.4 144.9 94.15 
34 56 .6 70.6 352.1 277.1 295.5 206.5 31.99 
37 46.0 57.4 164.6 234.8 119.5 177.4 12.66 
40 50.2 62.7 372.5 217.7 322.3 155.0 34.68 
43 56.6 70.6 359.5 249.9 301.9 179.3 31.97 
46 48.1 60.0 276.4 181.9 229.3 121.9 94.36 
Avera ge 
°5°.l 155.2 26.92 
Table 17. (Continued) 
Ration 5 
Rat Energy at start Energy at end Energy gain Grams of 
no. As fat As "protein" As fat As "protein" As fat As "protein" fat gained 
Cal. Cal • Cal. Cal. Cal. Cal. gm. 
26 64.4 80.3 265.4 236.6 201.0 156.3 21.31 
29 55.2 68.8 230.4 218.2 175.2 149 .4 18 .64 
32 61.6 75.7 268.2 211.4 206.6 134.7 22.26 
35 55.2 68.8 354.0 246.6 298.8 177.8 31.65 
38 41.0 51.2 22*.3 216.8 181.3 165.6 19.37 
41 50.9 63.6 358.9 206.3 308.0 149.7 33.08 
44 53.1 66.2 392.3 225.8 339.2 159.6 35.58 
47 47.4 59.1 314.3 179.9 266.9 120.8 27 .97 
Average 
247.1 150.9 26.23 
Table 17. (Continued) 
Ration 6 
Rat Energy at start Energy at end Energy gain Grams of 
no. As fat As "protein" As fat As "protein" As fat As "protein" fat gained 
Cal. Cal. Cal. Cal. Cal. Cal. gm. 
27 55.9 69.7 291.5 214 .8 235. 6 14 5.1 24.92 
30 49.5 61.8 446.1 202.0 396.6 140.2 42.73 
33 53.8 67.0 253.3 223.6 199.5 156.6 21.16 
36 49.5 52.9 341.4 231.8 298.9 178.9 31.61 
39 38.9 48.6 333.5 203.8 294.6 155.2 31.40 
42 44.6 55.6 340.6 235.1 296.0 179.5 31.14 
45 38.9 48.6 385.5 232.7 345.6 194.1 37.10 
48 36.8 45.9 220.0 181.3 183.2 135.4 19.49 
Average 
281.4 159.4 29.94 
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Table 18. Liveweights and body gsln of rets during 35 days 
on approximately isocaloric quantities of rations 
containing 0%, 8,# sodium heptylate, and 8% sodium 
caprylste as added dietary fat 
Ration Rat Weeks on experiment Body 
no. no. 0 1 ? 3 4 5 gain 
gm. gm. gm. gm. gm. gm. gm. 
7 49 55 82 132 161 19? 9L3 158 
8 50 59 82 129 159 185 198 139 
9 51 52 74 119 150 176 193 141 
7 52 62 86 134 158 188 203 141 
8 53 62 86 134 170 194 205 143 
9 54 73 90 133 146 186 204 131 
7 55 58 82 120 134 171 178 190 
8 56 48 75 111 130 167 173 125 
9 57 47 70 103 125 157 164 117 
7 58 56 75 111 131 175 198 142 
8 59 44 69 109 132 166 185 141 
9 60 55 74 113 131 170 186 131 
7 61 71 91 143 178 208 226 155 
8 62 64 85 132 166 197 206 149 
9 63 56 82 133 164 195 210 154 
7 64 54 81 118 147 184 200 146 
8 65 46 69 107 144 173 184 138 
9 66 51 74 108 136 170 190 139 
7 67 65 87 131 164 201 Pll 146 
8 68 71 94 135 171 199 213 142 
9 69 72 89 132 155 186 199 127 
7 70 64 84 120 145 176 193 129 
8 71 70 87 123 149 176 194 194 
9 72 67 87 123 14? 169 183 115 
Average initial weights and body gains 
7 61 23 42 26 35 16 149 
8 58 23 41 31 29 13 137 
9 59 21 41 P3 39 15 139 
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Table 19. Feed consumption of rats during -35 days on 
approximately isocaloric quantities of rations 
containing 0>, Q% sodium heptylate, and Q% 
sodium caprylate as added dietary fat 
Ration Rat Weeks on experiment 
no. no . 1 ? 3 4 5 Tota 
gm. gm. gm. gm. gm. gm. 
7,8,9 49,50,51 55 84 96 90 99 4 OA 
7,8,9 52,53,54 55 87 90 95 91 419 
7,8,9 55,56,57 55 7? 69 90 76 36? 
7,8,9 58,59,60 55 72 79 93 91 390 
7,8,9 61,62,63 55 90 104 97 100 446 
7,8,9 64,65,56 55 72 89 97 96 409 
7,8,9 67,68,69 55 95 99 97 85 4?1 
7,8,9 70,71,7? 55 81 88 97 96 417 
Average feed consumption 
55 30 89 95 99 411 
66 
Table 20. Average feed efficiencies of rats during -35 days 
on approximately isocaloric quantities of rations 
containing 0%, Q% sodium heptylate, end 8% sodium 
caprylate as added dietary fat 
Average Average 
Feed Ration No. of feed weight 
no. animals consumed gain efficiency' 
gm. gm. 
7 8 411 14? 9.89 
8 8 411 137 3.00 
9 8 411 13? 3.11 
aGms. feed/gm. gain. 
Table 21. Summery of nitrogen and energy utilization of rets for 35 days on 
approximately isocaloric quantities of rations containing 0% Q% 
sodium heptylate, and sodium caprylate as added dietary fat 
Ration 7 Ration 8 Ration 9 
Nitrogen Energy Nitrogen Energy Nitrogen Energy 
gm. Cal. gm. Cal. gm. Cal. 
Intake 12.98 1660 12.74 1641 12.74 1640 
Output 
In feces 
In urine 
0.93 
7.19 
124.3 
70.9 
0.68 
7.68 
11? .0 
78.1 
0.7? 
7.68 
113.9 
76.0 
Retained 4.86 4.38 4.35 
Metabolizable energy 1465 1451 1451 
Body analysis 
At start 
At end 
1.46 
6.03 
1.40 
5.97 
1.43 
5.77 
Body gain 
As fat 
As "protein" etc. 
Total 4.57 
176.0 
158.3 
334.3 4.57 
167.6 
161.0 
398.6 4.34 
177.4 
153.6 
331.0 
Heat production 1131 11°2 1190 
Table 22. Partition of nitrogen intake per rat for -35 days on approximately 
isocaloric quantities of rations containing 0%, °S sodium heptylate, 
and 8% sodium capryla te as added dietary fat 
Ration 7 
Recovery in 
Rat Output In body Body feces, urine, 
no. Intake Feces Urine Retained At start At end gain and body gain 
gm. gm. gm. gm • gm. grr. gn. % 
49 13 .40 0.95 7.12 5.33 1.33 6 .65 5.39 99.9? 
52 13.21 0.98 7.94 4.29 1.49 5.87 4.38 100.68 
55 11.44 0.82 6.21 4.41 1.40 5.47 4.07 97.03 
58 12.32 0.70 6.90 4.72 1.35 6.94 4.89 101.38 
61 14.09 0.93 7 .94 5.92 1.71 6 .75 5.04 93.75 
64 12.92 0.87 7.13 4 .92 1.30 5.67 4.37 95.74 
67 13.30 1.15 7.12 5.03 1.57 6.39 4.75 97.89 
70 13.18 1.01 7.85 4.32 1.54 5.28 3.74 9 5.60 
Avera ge 
12.98 0.93 7.19 4.86 1.46 6.03 4.57 97.77 
Table 22. (Continued) 
Ration 8 
Recovery in 
Rat Output In body Body feces, urine, 
no. Intake Feces Urine Retained At start At end pain and body gain 
gm. gm. gm. gm. gm. gm. gm. % 
50 13.14 0.67 8.19 4.28 1.42 6.28 4.86 104.41 
53 12-96 0.61 8.40 3 .95 1.49 6 .31 4.82 106.71 
56 11-22 0.58 6.44 4.2,0 1.16 5.74 4 .58 103.39 
59 12.09 0.55 6.69 4.85 1.06 5.97 4 .91 100.49 
62 13.83 0.84 8.34 4.65 1.54 5.97 4.43 98.41 
65 12.68 0.69 7.46 4.53 1.11 5.38 4. °7 97.45 
68 13.05 0.78 7.65 4 .62 1.71 6.52 4.81 101.46 
71 12.93 0.69 8.29 3 .95 1.69 5.55 3 .86 99.30 
Average 
12.74 0.68 7.68 4.38 1.40 5.97 4.57 101.45 
Table 22. (Continued) 
Ration 9 
Recovery in 
^8t Output In body Body feces, urine, 
no. Intake Feces Urine Retained At start At end gain and body gain 
gm. gm. gm. gm. gm. gm. gm. % 
51 13.14 0.87 7.74 4.53 1.95 5.97 4.72 101.45 
54 12.96 0.77 7.98 4.21 1.76 6.37 4.61 103.09 
57 11.22 0.61 6.60 4.01 1.13 5.18 4.05 100.45 
60 12-09 0.62 6.98 4.49 1.33 6.21 4.88 103.99 
63 13.83 0.77 7.82 5.24 1.35 ". 14 4.79 95.75 
66 12.68 0.71 7.58 4.39 1.93 5.36 4.13 97.95 
69 13.05 0.67 8-09 4.29 1.74 5.79 4.05 98.16 
72 12.93 0.70 8.63 3.60 1.61 5.11 3.50 99.22 
Average 
12.74 o
 
<2
 
ro
 
7.68 4.35 1.43 5.77 4 . 34 100.00 
Table 23. Partition of energy intake per rat for -35 days on approximately 
isocaloric quantities of rations containing 0%, 8% sodium heptylate, 
end 8> sodium caprylate es added dietary fat 
Ration 7 
In body 
At end 
Rat Output Metabo- Ether Body Heat 
no- Intake Feces Urine lizable At start extract Residue gain production 
Gal. Cal. Gal. Gal. Cal. Gal. Cel. Cal. Cel. 
49 1713 135.6 67.2 1510 87.5 155.8 234. 7 304.0 1É06 
52 1689 125.4 71.1 1493 98.6 269.2 202.8 373.4 1120 
55 1462 110.8 57.6 1294 92.2 205.3 197.7 310.8 983 
58 1576 116.2 67.6 1392 89.0 202.6 221.8 335.4 1057 
61 1802 122.4 72.1 1608 112.9 213.0 233.7 333.8 1274 
64 1652 127.4 71.1 1454 85.9 245.4 196.9 356.4 1098 
67 1701 131.0 88.3 1482 103.4 206.1 225.0 327.7 1154 
70 1685 125.6 72.3 1487 101.8 252.6 181.7 332.5 1154 
Average 
1660 124.3 70.9 1465 334.3 1131 
Table 23. (Continued) 
Rat Out-put Metabo-
no. Intake Feces Urine lizable 
Cal. Cal. Cal. Cal. 
50 1693 118.3 80.3 1494 
53 1669 109 .6 72.4 1487 
56 1446 100.9 68.1 1277 
59 1557 103.8 72.2 1381 
62 1781 125.6 91.2 1564 
65 1635 111.8 76.5 1445 
68 1681 117.2 78.3 1466 
71 1665 108.8 85.8 1470 
Average 
1641 112.0 78.1 1451 
Ration 8 
In body 
At end 
Ether Body Heat 
At start extract Residue gain production 
Cal. Cel. Cel. Cal. Cal. 
93.8 227.0 213.3 346.5 1147 
98.6 219 .0 226.5 346.9 1140 
76.3 173.3 202.7 299.7 977 
70.0 155.9 211.6 297.5 1083 
101.8 245.2 222.3 365.7 1198 
73.1 180.7 196.3 303.9 1141 
112.9 214.7 229.2 331.0 1155 
111.3 253.0 195.8 337.5 1132 
328.6 112? 
Table 23. (Continued) 
Ration 9 
In body 
At end 
Rat Output Metabo- Ether Body Heat 
no. Intake Feces Urine lizable At start extract Residue pmin production 
Cel. Cal. Cal. Cal. Cal. Cal. Cal. Cal • Cal. 
51 1692 130.1 76.0 1486 82.7 211.4 213.9 342.6 1143 
54 1668 114.7 77.8 1476 116.1 256.2 262.0 402.1 1074 
57 1444 94.3 75.7 1274 74.7 183.1 178.0 286.4 988 
60 1556 109.8 64.3 1382 87.5 194.4 204.8 311.7 1070 
63 1780 120.8 79.8 1579 89.0 194.4 214.7 320.1 1259 
66 1632 112.2 66.8 1453 81.1 224.9 188.8 332.6 1120 
69 1680 109.3 78.4 1492 114.5 255. 5 200.2 341.2 1151 
72 1664 114.3 89.2 1461 106.5 2,33.9 183.8 311.2 1150 
Average 
1640 113.2 76.0 1451 331.0 1120 
Table 24. Energy gain as fat and "protein11 
isocaloric quantities of rations 
and 8% sodium caprylate as added 
ner rat for 35 days on approximately 
containing 0%, sodium heptylate, 
dietary fat 
Ration 7 
Rat Energy at start Energy at end Energy gain Grams of 
no. As fat As "protein " As fat As "protein11 As fat As "protein" fat gained 
Cal. Cel. Cel. Cel. Cal. Cal. gm. 
49 39.0 48.5 156.8 234.7 117.8 186.2 12.75 
52 45.9 54.7 269.2 POP.3 225.3 148.1 24.51 
55 41.0 51.2 205.3 197.7 164.3 146.5 18.11 
58 39.6 49.4 202.6 221.8 163.0 17°.4 17.36 
61 50.2 62.7 213.0 233.7 162.8 171.0 17.62 
64 38.3 47.6 245.4 196.9 207.1 149.3 99. 94 
67 46.0 57.4 206.1 225.0 160.1 167.6 17.08 
70 45.3 56.5 252.6 181.7 207.3 125.2 92.46 
Average 
176.0 158.3 19.0? 
Table 24. (Continued) 
Ration 3 
Rat 
no. As fat As "protein11 As fat As "protein" 
Cal. Cal. Cal. Cal. 
50 41.7 52.1 227.0 213.3 
53 43.9 54.7 219.0 226.5 
56 33.9 42.4 173.3 202.7 
59 31.2 38.8 155.9 211.6 
62 45 .3 56.5 245.2 222.3 
65 32.5 40.6 180.7 196.3 
68 50.2 62.7 214.7 929.2 
71 49.5 61.8 253.0 195.8 
Average 
Grams of 
As fat As "protein" fat gained 
Cal. Cel. gm. 
185.3 161.9 19.99 
175.1 171.8 18.50 
139.4 160.3 15.3? 
124.7 17?.8 13.58 
199.9 165.8 21.85 
148.2 155.7 15.86 
164.5 166.5 17.45 
903.5 134.0 91.8? 
167.6 161.0 18.05 
Table 24. (Continued) 
Ration 9 
Ret Energy et start Energy et end Energy gain Grams of 
no. As fat As "protein " As f et As "-orotein " As f et As "protein " f et geined 
Cal. Cal. Cel. Cal. Cal. Cel. gm. 
51 36.8 45.9 211.4 213.9 174.6 168.0 18.95 
54 51.7 64.4 256.2 262.0 204.5 197.6 91.60 
57 33.2 41.5 183.1 178.0 149.9 136 .5 16.37 
60 39.0 48.5 194.4 204.8 155.4 156.3 16.96 
63 39.6 49.4 194.4 214.7 154.8 165.3 16.49 
66 36.1 45.0 224.9 188.8 188.8 143.8 90.49 
69 51.0 63.5 255.5 200.2 904.5 136.7 92.01 
72 47.4 59.1 233.9 183.8 166.5 1°4.7 19.90 
Average 
177.4 153 .6 19.08 
7? 
DISCUSSION OF RESULTS 
Statistical Treatment of the Data 
As the experimental animals were littermates of the same 
sex and similar in initial weight, the data obtained were 
treated as paired data and individual comparisons made as 
described by Snedecor (59, pp. 4-3-45) . 
Experiment 1. Fifty-Six-Day Body Balance Trial with 
Sodium Isovalerate as a Dietary Fat Source 
The average weekly liveweights and gains in body weight 
for the animals receiving 0 per cent (ration 1, group l), 4 
per cent (ration 2, group 2.), and 8 per cent (ration 3, group 
•3) sodium isovalerate in the diet are presented in Table 4. 
An analysis of the data showed that group -3 gained sig­
nificantly (P< O.OOl) less than groups 1 and 2. There were 
no differences in body weight gain between groups 1 and ?. 
Group 3, who received the essential fatty acid-deficient 
ration, developed scaly hind feet and tails after three weeks 
on experiment, which is a typical syndrome of an essentiel 
fatty acid deficiency (5, 6). The results indicated that the 
presence of isovaleric acid, in an otherwise f^t-free diet, 
accelerated the rate of development of the fat-deficiency 
comparable to the rates obtained by Deuel et ajl. ( 15) and 
Bacon et aJL. ( l) . 
Groups 1 and 2. grew normally and exhibited no fat-
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deficiency syndrome. The growth data obtained are in agree­
ment with those of Hoagland et. a.1. (34), who found no signifi­
cant differences in body weight gains between rats fed diets 
containing 4, 9, and 14 per cent fat. Therefore, as ration 
2 contained adequate amounts of essential fatty acids in the 
form of corn oil, it can be assumed that the growth response 
of the rats was not adversely affected by a 4 per cent level 
of sodium isovalerate in the diet. However, it should be 
emphasized that the method of food assignment, as described 
earlier, has the effect of placing at a disadvantage the ani­
mals that increase more ranidly in weight (groups 1 and ? as 
opposed to group 3) since a larger proportion of the food in­
take is then required for maintenance and less is available 
for growth. This suggests that if ration 3 had been excluded 
from the experiment, the growth responses between rats fed 
ration 1 and ration 2 might have been different. 
The weekly feed consumption and the average feed effi­
ciencies of the animals receiving the three rations are pre­
sented in Tables 5 and 6, respectively. As the three groups 
of rats were fed approximately isocaloric quantities of food, 
and as the body weight gains of group 3 were significantly 
lower than those for groups 1 and 2 due to a fat-deficiency, 
it follows that the feed efficiency of group 3 would be sig­
nificantly (P <.0.00l) higher than those of groups 1 and 2 as 
calculated from grams of feed consumed per gram of gain. As 
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there was no difference in body weight gains between groups 
1 and 2, there was no difference in their feed efficiencies. 
A summary of the nitrogen utilization date and the parti­
tion of the nitrogen intake pre presented in Tables 7 and 8, 
respectively. 
An analysis of the nitrogen data revealed the following : 
The fecal nitrogen of group 1 was significantly (P < 0.005 and 
0.003) greater than those of groups ? and 3. There was no 
difference between groups 2 and 3. The urinary nitrogen of 
group 1, however, was significantly (P<0.095 and O.OOl) less 
than those of groups 2 and 3. There was no difference between 
groups 2 and 3. Group 1 retained significantly (P< 0.005 
and 0.004) more nitrogen than did groups 2 and 3. Group 2 
retained significantly (P< 0.030) more nitrogen than did 
group 3. Compared to the nitrogen retained differences, only 
group 3 gained significantly (P < 0.008 and 0.030) less body 
nitrogen. There was no difference in nitrogen body gain be­
tween groups 1 and 2. 
The results have indicated a significant difference in 
the nitrogen excretion pattern of the three groups of animals. 
Other investigators have reported similar variations in the 
excretion of nitrogen, but have attached no significance to 
the differences. For example, Voris and Thacker (68), in 
comparing the effects of bicarbonate substituted for chloride 
in rat diets, found that the fecal nitrogen was lower and 
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urinary nitrogen higher for rats receiving the bicarbonate 
diet than for those receiving the chloride diet. French et 
al. (27) have shown that slightly increased amounts of fecal 
nitrogen and lesser amounts of urinary nitrogen were asso­
ciated with a high-fat diet when compared with a low-fat diet. 
On the other hand, Forbes et, al. (26) found with rats, who 
were fed diets containing 2, 10, and 30 per cent fat, that 
their fecal nitrogen decreased and urinary nitrogen Increased 
as the fat level of the diet was increased. 
The urine pH of groups 2 and 3 varied between 8.0 and 
8.5, while that of group 1 was approximately 6.8 (a normal 
value), during the experimental period. Upon washing the 
urines of groups 2 end 3 into the acidified urine collection 
bottles, considerable frothing resulted, which indicated s 
high bicarbonate content in the urine. This observation 
agreed with that of Dakin and Wakeman (10) who observed that 
after cats had been injected intravenously with sodium ace­
tate , propionate, butyrate, or caproate, the urine excreted 
contained high levels of sodium bicarbonate. Also, Best and 
Taylor (2) point out that unon the administration of alkaline 
substances to an animal, one obtains a decreased titrstable 
acid and ammonia levels, and an increased bicarbonate level 
and an increased pH value of the urine. 
The recovery of the feed nitrogen in the feces, urine, 
and body gain, as shown in Table 8, was on the average 97.77, 
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98.54, and 98.45 per cent, respectively, for groups 1, 2, 
and 3. The comparisons of nitrogen retained (calculated from 
nitrogen intake minus nitrop en excreted) with the nitrogen of 
the body gain (calculated from nitrogen content of the rats 
at the end of the experiment minus the nitrogen content of 
the control group) were significantly (P< 0.005 and 0.050) 
different for groups 1 and 2. However, the per cent nitrogen 
recoveries reported were considered satisfactory. 
As the rats in group 3 were in the first stages of a 
fat-deficiency, it is not surprising that their nitrogen util­
ization, as shown by their nitrogen retentions and nitrogen 
body gains, was less than that for the other two groups. 
A summary of the energy utilization data is shown in 
Table 7. The partition of the energy intake for each rat is 
presented in detail in Table 9, and the individual data on 
the weight and energy gained in the form of fat are shown in 
Table 10. 
The energy data showed that the same pattern prevailed 
for the energy excretion as for the nitrogen excretion. Com­
paring groups 1 and 2, there was no difference in metabolizable 
energy, energy gained as fat or "protein", or in total heat 
production. In comparing groups 1 and 3, group 3 metabolized 
significantly (P < O.OOl) lower amounts of energy than did 
group 1. Group 3 gained significantly (P< 0.005) less energy 
as "protein" than did group 1. However, there was no differ­
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ence in energy gain as fat, nor in heat production. 
From the results obtained with respect to groups 1 and 
2, the differences found in the nitrogen and energy values 
of the urine and feces, though numerically small, indicates 
that the presence of sodium Isovalerate in the diet did effect 
a change in the normal assimilation and metabolism of the diet­
ary protein and energy, but it did not impair their normal 
utilization by the rat. From the literature (2, 10, 68) one 
might conclude that the sodium portion of sodium isovalerate 
induced the change in nitrogen and energy excretion patterns 
when compared to the control group. 
From the results obtained with respect to groups 1 and 3, 
the inferior body nitrogen gain and energy gained as "pro­
tein" showed the effect of the fat-deficiency on the protein 
utilization by the rat. In the first stages of the deficiency 
the deposition of body fat apparently was not affected as there 
was no difference in body fat gained. That there was no dif­
ference in heat production between the two groups might be 
misleading, for if one considers the rstio of Calories of heat 
produced per gram of body weight gain, it then becomes appar­
ent that group 1 utilized the feed energy to a greater extent 
than did group 3. Therefore, it can be concluded that the 8 
per cent level of sodium Isovalerate in the diet, which was 
otherwise fat-free, accelerated the rate of development of 
the fat-deficiency which was associated with a corresponding 
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• decrease in protein and energy utilization by the rat. 
Experiment 2. Forty-Two-Day Body Balance Trial 
with Sodium Isovalerate and Ethyl Caproate 
as Dietary F at Sources 
The average weekly liveweights and gains in body weight 
for the animals receiving 0 per cent (ration 4, group 4), 8 
per cent sodium isovalerate (ration 5, group 5), and 8 per 
cent ethyl caproate (ration 6, group 5) in the diet are pre­
sented in Table 11. Group 6 gained significantly (P 0.009) 
more than did group 5. However, an analysis of the final 
weights shows no difference between groups. An inspection of 
the average weekly weight gains shows that group 6 caught up 
to groups 4 and 5 between the second and third week on experi­
ment, and its average gain was almost identical with the other 
two groups. This may be attributed, in part, to the lower 
average initial weight of group 6 which was, even though com­
posed of littermates, in a more rapid growth phase at the time 
when placed on experiment. As sufficient essential fatty 
acids were present in all rations, no fat-deficiency syndrome 
developed. 
The weekly feed consumption and the average feed effi­
ciencies of the animals receiving the three rations are shown 
in Tables 12 and 13, respectively. Group 6 had a signifi­
cantly (P< 0.050 and 0.020) better feed efficiency than did 
groups 4 and 5. 
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A summary of the nitrogen and energy utilization data is 
presented in Table 14. The partition of the nitrogen intake 
is presented in Table 15. The partition of the energy intake 
for each rat is presented in detail in Table 16, and the indi­
vidual data on the weight and energy gained in the form of fat 
are shown in Table 17. 
As the three groups received unequal amounts of gross 
energy intake, but identical amounts of food by weight, the 
data were analyzed as the per cent of the nitrogen intake for 
nitrogen utilization, and as the per cent of cross energy in­
take for energy utilization (34). The data suggested that 
sodium isovalerate effected a nitrogen and energy excretion 
pattern similar to that obtained in Experiment 1. An analysis 
of the data showed that the fecal nitrogen of grout) 5 was sig­
nificantly (i:'< 0.001 and O.OOl) lower than those of groups 4 
and 6. The fecal energy of group 5 was also significantly 
(P < 0.020 and 0.007) lower than those of groups 4 and 6. 
The recovery of the feed nitrogen in the feces, urine, 
and body gain, shown in Table 15, was on the average 98.52, 
97.23, and 98.03 per cent, respectively, for groups 4, 5, and 
6• The comparisons of nitrogen retained with the nitrogen 
body gain were not different for groups 4 and 5, but was sig­
nificantly (P < 0.015) different for group 6. However, the 
recoveries of feed nitrogen were considered satisfactory. 
As there were no further differences found between groups 
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due to treatment, it can be concluded that, in diets adequate 
in essential fatty acids, sodium isovalerate and ethyl capro­
ate , when constituting 8 per cent or less of a dietary fat 
source, do not adversely affect the protein and energy utili­
zation by the rat. The sodium salt of isovaleric acid was 
utilized to the same extent ps the ethyl ester of ccproic acid 
by the rat. The data further suggest that the presence of 
sodium isovalerate in the diet affected the normal assimilation 
and metabolism of the dietary protein and energy in the.,same 
manner as in Experiment 1. 
Experiment 3. Thirty-Five-Day Body Balance Trial 
with Sodium Heptylate and Sodium Caprylate 
as Dietary F at Sources 
The average weekly liveweights and gains in body weight 
for the animals receiving 0 per cent (ration 7, group 7), 8 
per cent sodium heptylate (ration 8, group 8), and 8 per cent . 
sodium caprylate (ration 9, group 9) in the diet are presented 
in Table 18. Group 7 gained significantly (P< 0.004) '.more 
than did group 9. There was no difference between groups 7 
and 8. However, an inspection of the weekly average body 
gains shows that the three groups gained at approximately the 
same rate, and that their growth curves, if plotted, would be 
parallel. 
The weekly feed consumption and the average feed effi­
ciencies of the animals receiving the three rations are pre-
c 
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sented in Tables 19 and 20, respectively. The feed efficiency 
of group 7 was significantly (P < 0.005) better than that of 
group 9. 
A summary of the nitropen and energy utilization date 
are presented in Table 21. The partition of the nitropen in­
take is presented in 'Table 9?. The partition of the energy 
intake for each rat is presented in detail in Tpble 2-3, and 
the individual data on the weight and energy pained in the 
form of fat are shown in Table 24. 
An analysis of the date showed that the sodium heptylate 
and sodium caprylate effected a nitropen excretion pattern 
the same as that obtained in Experiment 1. The fecal nitrogen 
of group 7 was significantly (r< 0.001 and 0.007) greater than 
those of groups 8 and 9. The urinary nitrogen of group 7 was 
significantly larger (P <0.020 end 0.004) than those of groups 
8 and 9. Group 7 retained significantly (P < 0.04 5 and O.OOl) 
more nitrogen than did groups 8 and 9. However, an analysis 
of the nitrogen body gains showed no differences between 
groups. Comparing the nitrogen retained with the nitropen 
body gain, no differences were found. The per cent recoveries 
of the feed nitrogen in the feces, urine, and body gain, shown 
in Table 22, were on the average 97.77, 101.45, end 100.00 per 
cent, respectively, for groups 7, 8, and 9. The per cent 
nitrogen recovery of feed nitropen was considered satisfac­
tory. 
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It may be concluded that the presence of the sodium 
heptylrte or sodium caprylate in the diets effected a change 
from the normal in the assimilation and metabolism of the 
dietary protein in the same manner as suggested in Experiment 
1. Although the nitrogen retention values indicated, but not 
the nitropen body gain values, that group 7 utilized the diet­
ary protein to a greater extent than did groups 8 and 9, it 
cannot justifiably be concluded that the sodium salts of hep-
tylic and caprylic acids reduced the efficiency of protein 
utilization by the rat. 
An analysis of the data shows the same pattern of energy 
excretion as that obtained for the nitrogen excretion with 
the following exception. No difference was found between the 
urine energy values of groups 7 and 8. Group 7 metabolized 
the energy to a significantly (P <0.0P0 and 0-015) greater 
extent that did groups 8 and 9, but the actual caloric differ­
ences are so small that the findings should not be over empha­
sized. As there were no further differences found between 
groups, it can be concluded that the presence of the sodium 
salts of heptyllc and caprylic. acids did effect a change in 
the assimilation and metabolism of the dietary energy, but 
did not have a deleterious effect on the energy utilization 
by the rat. 
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GENERAL DISCUSSION 
Before discussing the broader nutritional aspects of the 
significance of this research study, attention will be first 
focused on a discussion of certain phases of the specific 
techniques employed. 
Difficulties were experienced in the first experiment 
in drying and igniting urine samples and in obtaining Quanti­
tative energy measurements. This apparently was due to the 
sulfuric acid used as a preservative. Therefore, hydrochloric 
acid (55) was tried as a preservative and was subsequently 
used in Experiments P. and -3. No difficulty was encountered 
in bringing the urine samples to dryness by this procedure. 
HoVever, due to the high salt content of the samples, the 
incidence of misfiring in the bomb calorimeter was high. This 
was overcome by the addition of a small auantity of corn oil 
to each sample prior to ignition. The corn oil kept the mis­
fires to zero and greatly facilitated the completeness of 
sample burning. The final method adopted for preparing the 
urine samples for energy determinations, as described in Ex­
periment 3, reduced the time of processing a given urine 
sample from a previous two-week period (Experiment l), or 4-5 
day period (Experiment 2), to a 24-hour period. Duplicate 
sample determinations differed by one per cent or less nor­
mally, otherwise they were repeated. 
In preparing rat bodies for analyses, Herting .et al. (33) 
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passed the frozen bodies through a me-°t grinder prior to their 
fet extraction. A similar procedure w?s tried in preliminary 
work with approximately POO gram rats. However, it was appar­
ent that a mechanical loss of body fat resulted and this 
method wa3 subsequently abandoned. Rat bodies were prepared 
for fat extraction in the three experiments by first freezing 
the bodies, dicing them, and then removing their body water 
by freeze-drying. This method proved ouite acceptable and 
efficient. Usually the samples reached a constant weight 
after a 48-hour period of moisture removal. This method of 
rat body preparation for fat extraction lessened the time to 
process a given rat body from a previous 3-5-week period (69) 
to a 3-day period. 
Reed et. al. ( 5l), in a study of fat distribution in rats, 
found that as the rat gained in body weight, normally more fat 
was stored in proportion to its body weight. The average 
final body weights, in grams, and the per cent of body water 
removed for groups 1-3, 4-6 and 7-9 were P49 and 49.8, P15 
and 61.9, and 196 and 64.1, respectively. The per cent of 
final body weight as fat for groups 1-3, 4-6 and 7-9 was on 
the average 15.6, 15.4 and 11.9, respectively. Upon calcula­
tion of the ratio of body water to body fat for groups 4-6 and 
7-9, which were 4.0? and 5.39, respectively, the values so 
obtained suggested that as the body weight Increased, with 
the proportionate increased body f^t, there w^s also an asso-
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elated decrease, within limits, of the body water. 
'The experimental period of many body balance studies • 
(25, 26, 27, 34, 68) has been of 10 weeks duration. However, 
in the present study it seemed plausable that valid data might 
be obtained over a shorter experimental period. In the present 
studies, the length of the experimental period, was predicated 
on the basis of parallelism of the growth curve responses of 
the three groups of rats in ev _ii experiment. In Experiment 
1, the growth curve of group 3 began to be depressed, in re­
lation to those of groups 1 and 2, after the fourth week. 
Therefore, in order to definitely demonstrate the onset of 
an essential fatty acid-deficiency, the animals were carried 
an additional three weeks on experiment at which time their 
growth curve also began to plateau. In Experiments 9 and 3, 
the growth curves were parallel and almost identical in 
height up through the fifth or sixth week. Therefore, on the 
basis of the growth curves obtained with respect to groups 1 
and 2 which were almost identical during the 8-week experi­
mental period, the two experiments were concluded after the 
fifth and sixth week. 
The body balance method proved to be satisfactory in its 
application to the evaluation of the effects of the various 
fatty acids as dietary fat sources on the energy and protein 
utilization by the rat in that the periods were of sufficient 
length to give valid data, for the determination of the various 
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values of nitrogen find energy body gain. 
As previously stated, the addition of the acid-sodium 
salts disrupted the normal excretion pattern of nitrogen and 
energy as opposed to the addition of the ethyl ester to the 
diet. The literature Indicated that the presence of the 
sodium moiety of the salt molecule was the causitive agent. 
However, it should be pointed out that the sodium salts of 
the „acids were apparently utilized to the same extent as was 
the ethyl caproate. 
A significant consideration resulting from these studies 
was that the addition of a short chain fatty acid salt in the 
amount of 8 per cent to a rat diet that was otherwise fat-free 
greatly accelerated the onset of an essential fatty acid-
deficiency . This finding provides a new tool for the investi­
gator interested in researchs pertaining to fat-deficiency 
problems . 
In order to obtain an estimation of the extent to which 
the various fatty acids per se were utilized by the rat, cal­
culations were made based on the energy body gain due to the 
acid addition. The value then obtained was then divided by 
the Calories invested in the form of the acid with the re­
sultant value converted to per cent. For'example, using rat 
groups 1 and ?, Tables 1, 5, and 7, and given the caloric 
value for sodium isovalerate (5.38? Cal./gm.), let 
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X = per cent of acid utilized for body gain 
A = energy body gain of group ? due only to fatty acid 
B = energy body gain of group 1 
C = energy body gain of group 2 
D = energy intake of group 1 
E = energy intake of group 2. 
F = energy intake of group ? due to fatty acid only 
Then, 
X = ^ 100 
where 
A = C - j|| (E - F) 
and 
F = (feed intake)(ft fatty acid in ration)(Caloric 
value of fatty acid)/100 
The acid utilization value, in per cent, as body gain 
was 32.9 for 4 per cent sodium isovalerate (group ?), 0.0 
for 8 per cent sodium isovalerate (group 3), 19.4 for 8 ner 
cent sodium isovalerate (group 5), 94.1 for 8 per cent ethyl 
caproate (group 6), 19.2 for 8 per cent sodium heptylate 
(group 8) end 20.5 for 8 per cent sodium caprylate (group 9). 
In the case of group 3, which had a fat-deficiency, the 
zero per cent utilization indicated that the sodium isovaler­
ate was metabolized Immediately and the energy thus liberated 
passed off in the form of heat production. The difference in 
the extent of acid utilization between groups 5 and 6 perhaps 
can be accounted for in that the sodium isovalerate in ration 
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5 contributed only 68 per cent as many calories as did ethyl 
caproate in ration 6. There appeared to be no difference be­
tween the per cent utilization of the sodium heptylate and 
sodium caprylate. On the basis of the ner cent utilization 
values for the various acids, it can be concluded that short 
chain fatty acid salts or esters, when added as 8 per cent to 
a rat diet which contains adequate essential fatty acids but 
is otherwise fat-free, are utilized to an extent of about 20 
per cent for body energy gain which is comparable to natural 
fats such as lard (26). However, if the energy used for 
maintenance is deducted, this conversion percentage would be 
appreciably greater. 
Finally, the data obtained in this study indicate that 
short chain fatty acids present in the various diets effected 
no major change in nro te in and energy metabolism of rats, and 
that the individual fatty acids were of approximate equal 
nutritive value, they being utilized as energy sources to 
about the same extent as natural fats. Although these ob­
servations shed no light upon the efficiency with which rumi­
nants utilize these short chain fatty acids, nevertheless it 
would seem plausible that ruminants also make good use of 
these acids as found in fermented feeds and fermentation in 
the upper digestive tract. 
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SUMMARY 
This study we s initiated primarily to determine the 
effects of isovaleric, canroic, heptylic and caprylic acids 
upon protein and energy metabolism of the rat. Another ob­
jective of this study was to observe the influence of essen­
tial fatty acids in a diet to which short chain fatty acids 
were added either as esters or sodium salts. 
The body balance method, which is readily adaptable to 
studying the effects of certain dietary constituents on small 
rapidly growing animals, was used in this study. Therefore, 
to determine the effects of isovaleric, caprole, heotylic and 
caprylic acids upon protein and energy metabolism of the rat, 
a series of three separate body balance experiments of 56-, 
42- end 35-days duration were conducted using rapidly growing 
young male albino rats. Total collection of excreta were made 
during the experimental periods, and at the completion of the 
periods, analyses of the excreta and rat bodies were made for 
energy and nitrogen content. From the data thus obtained, 
the body gains in energy and nitrogen were determined. 
The addition of 8 per cent of the sodium salts of Iso­
valeric, heptylic, and caprylic acids to diets adequate In 
essential fatty acids altered the normal nitrogen and energy 
excretion patterns of rets, but did not effect their ability 
to efficiently utilize the protein and energy of the diet. 
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The addition of 8 per cent sodium isovalerate to an 
otherwise fat-free diet increased the rate of development of „ 
an essential fatty acid-deficiency in rats from lO-l^-weeks 
o o 
to 2-3-weeks. The fat-deficiency was associated with a de- -
creased nitrogen body gain, but not body fat gain, oand an in­
creased heat production. 
Sodium isovalerate was utilized by the" rat to the same 
extent as was ethyl caproate in diets adequate in essential 
fatty acids. 
The individual fatty acids when present in diets adeouste 
o •> 
in essential fatty acids were utilized to an extent of about 
20 per cent for body energy gain which was comparable to the 
degree to which natural fats such as °larçl is utilized. 
It can be concluded that low levelé of short chain fatty 0 
° » ° 
acid salts or esters, when added to diets adequate in essen­
tial fatty acids, may be effectively substituted for a sim­
ilar quantity of natural fpt, but whea.added to di'ets inade­
quate in essential "fatty acids, they accelerate the onset of 
an essential fatty acid-deflclency. ° „ o 
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